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DECLARATION OF AUDREY D. GODDAM), PhD UNDER 37 CJFJL S 1.132 

Assistant Commissioner of Patents , 
Washington, D.C. 20231 



sir: , . ; \ ■/ / 

I, Audrey D. Goddard, PbuD. do hereby declare and say as follows: 

1. I am a Senior Clinical Scientist at the Experimental Medicine/BioOncology, Medical 
Affairs Department of Genentech, Inc., South San Francisco, California 94080. 

2. Between 1993 and 2001 , 1 headed the DNA Sequencing Laboratory at the Molecular 
Biology Department of Genentech, Inc. During this time, my responsibilities included the 
identification and characterization of genes contributing to the oncogenic process, and determination 
of the chromosomal localization of novel genes. 

3. My scientific Curriculum Vitae, including my list of publications, is attached to and 
forms part of this Declaration (Exhibit A), 




- Serial No.: * 
' Filed: * ': 

4. I am familiar with a variety of techniques known in the art for detecting and 
quantifying the amplification of oncogenes in cancer, including the quantitative TaqMan PCR (i.e., 
"gene amplification") assay described in the above captioned patent application. 

5. The TaqMan PGR assay is described, for example, in the following scientific 
publications: Higuchi et al . Biotechnology 10:413-417 (1992) (Exhibit B); Livak et qJL-PGR 
Methods AppL 4:357-362 (1995) (Exhibit C) and Heid ei al. Genome Res. 6:986-994 (1996) 
(Exhibit D). Briefly, the assay is based on the principle that successful PCR yields a fluorescent 
signal due to Taq DNA polymerase-mediated exonuclease digestion of a fluorescently labeled 
oligonucleotide that is homologous to a sequence between two PCR primers. The extent of 
digestion depends directly on the amount of PCR, and can be quantified accurately by measuring the 
increment in fluorescence that results from decreased energy transfer. This is an extremely sensitive 
technique, which allows detection in the exponential phase of the PCR reaction and, as a result* 
leads to accurate determination of gene copy number. 

6. The quantitative fluorescent TaqMan PCR assay has been extensively and 
successfully used to characterize genes involved in cancer development and progression. 
Amplification of protooncogenes has been studied in a variety of human tumors, and is widely 
considered as having etiological, diagnostic and prognostic significance. This use of the quantitative 
TaqMan PCR assay is exemplified by the following scientific publications: Pennica et al^ Proa 
Natl. Acad Sci. USA 95(25>:14717-14722 (1998) (Exhibit E); Pitti et ah, Nature 
396(6712);699-703 (1998) (Exhibit F) and Bieche et al, Int. J. Cancer 78:66 1-666 (1998) (Exhibit 
G), the first two of which I am co-author. In particular, Pennica et al have used the quantitative 
TaqMan PCR assay to study relative gene amplification of WISP and c-myc in various cell lines, 
colorectal tumors and normal mucosa. Pitti et al. studied the genomic amplification of a decoy 
receptor for Fas ligand in lung and colon cancer, using the quantitative TaqMan PCR assay. Bieche 
et al used the assay to study gene amplification in breast cancer. 
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7. It is my personal experience that the quantitative TaqMan PCR technique is 
technically sensitive enough to detect at least a 2-fold increase in gene copy number relative to 
control It is further my considered scientific opinion that an at least 2-fold increase in gene copy 
number in a tumor tissue sample relative to a normal (Le., non-tumor) sample is significant and 
useful in that the detected increase in gene copy number in the tumor sample relative to the normal 
sample serves as a basis for using relative gene copy number as quantitated by the TaqMan PCR 
technique as a diagnostic marker for the presence or absence of tumor in a tissue sample of unknown 
pathology. Accordingly, a gene identified as being amplified at least 2-fold by the quantitative 
TaqMan PCR assay in a tumor sample relative to a normal sample is useful as a marker for the 
diagnosis of cancer^ for monitoring cancer development and/or for measuring the efficacy of cancer 
therapy. 

8. I declare further that all statements made herein of my own knowledge are true and 
that all statements made on information and belief are believed to be true. I declare that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereoa 
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AUDREY D. GODDARD, Ph.D. 



Genentech, Inc. 110 Congo St. 

1 DNA Way San Francisco, CA, 94131 

South SarvFrancisco, CA, 94030 415.841.9154 

650.225.6429 415.819.2247 (mobile) 

goddarda@gene.com agoddard@pacbelt.net 

PROFESSIONAL EXPERIENCE 

Genentech, Inc. 1993-present 
South San Francisco, CA 

2001 - present Senior Clinical Scientist 

Experimental Medicine / BioOncdlogy, Medical Affairs 

Responsibilities: 

• Companion diagnostic oncology products 

• Acquisition of clinical samples from Genentech's clinical trials for translational research 

• Translational research using clinical specimen and data for drug development and 
diagnostics 

• Member of Development Science Review Committee, Diagnostic Oversight Team, 21 CFR 
Part 11 Subteam 

Interests: 

• Ethical and legal implications of experiments with clinical specimens and data 

• Application of pharmacogenomics in clinical trials 

1998-2001 Senior Scientist 

Head of the DNA Sequencing Laboratory, Molecular Biology Department, Research 
Responsibilities: 

• Management of a laboratory of up to nineteen -including postdoctoral fellow, associate 
scientist, senior research associate and research assistants/associate levels 

• Management of a $750K budget 

• DNA sequencing core > facility supporting a 350+ person research facility. 

• DNA sequencing for high throughput gene discovery, - ESTs, cDNAs, and constructs 

• Genomic sequence analysis and gene identification 

• DNA sequence and primary protein analysis 

Research: 

• Chromosomal localization of novel genes 

• Identification and characterization of genes contributing to the oncogenic process 

• Identification and characterization of genes contributing to inflammatory diseases 

• Design and development of schemes for high throughput genomic DNA sequence analysis 

• Candidate gene prediction and evaluation 
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1993-1998 Scientist 

Head of the DNA Sequencing Laboratory, Molecuiar Biology Department, Research 
Responsibilities 

• DNA sequencing core facility supporting a 350+ person research facility 

• Assumed responsibility for a pre-existing team of five technicians and expanded the group 
into fifteen, introducing a level of middle management and additional areas of research 

• Participated in the development of the basic plan for high throughput secreted protein 
discovery program - sequencing strategies, data analysis and tracking, database Resign 

• High throughput EST and cDNA sequencing for new gene identification. 

• Design and implementation of analysis tools required for high throughput gene identification 

• Chromosomal localization of genes encoding novel secreted proteins. 

Research: 

• Genomic sequence scanning for new gene discovery. 

• Development of signal peptide selection methods. 

• Evaluation of candidate disease genes. 

• Growth hormone receptor gene SNPs in children with idiopathic short stature 

Imperial Cancer Research Fund 1989-1992 
London, UK with Dr. Ellen Solomon 

6/89 -12/92 Postdoctoral Fellow 

• Cloning and characterization of the genes fused at the acute promyelocytic leukemia 
translocation breakpoints on chromosomes 17 and 15. 

• Prepared a successfully funded European Union multi-center grant application 

McMaster University 1983 
Hamilton, Ontario, Canada with Dr. G. D. Sweeney 

5/83- 8/83: NSERp Summer Student 

• In vitro metabolism of p-naphthoflavone in C57BI/6 J and DBA mice 



EDUCATION 

University of Toronto 

Toronto, Ontario, Canadia. 1989 
Department of Medical 
Biophysics. 

McMaster University, 
Hamilton, Ontario, Canada. 1983 
Department of Biochemistry 



Ph.D. 

"Phenotypic and genotypic effects of mutations in 
the human retinoblastoma gene." 
Supervisor: Dr. R. A. Phillips 



Honours B.Sc 

"The in vitro metabolism of the cytochrome P-448 
inducer p-naphthoflavone in C57BL/6J mice. w 
Supervisor: Dr. G. D. Sweeney 
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ACADEMIC AWARDS 

Imperial Cancer Research Fund Postdoctoral Fellowship 1989-1992 

Medical Research Council Studentship 1983-1 988 

NSERC Undergraduate Summer Research Award • - 1983 

Society of Chemical Industry Merit Award (Hons. Biochem.) 1983 

Dr. Harry Lyman Hooker Scholarship 1981-1983 

J.LW. Gill Scholarship 1981-1982 

Business and Professional Women's Club Scholarship 1980-1981 

Wyerhauser Foundation Scholarship 1979-1980 



INVITED PRESENTATIONS 

Genentech's gene discovery pipeline: High throughput identification, cloning and 
characterization of novel genes, functional Genomics: From Genome to Function, Litchfield 
Park, AZ, USA. October 2000 

High throughput identification, cloning and characterization of novel genes. G2K:Back to 
Science, Advances in Genome Biology and Technology L Marco Island, FL, USA. February 
2000 ; 

Quality control in DNA Sequencing: The use of Phred and Phrap T Bay Area Sequencing 
Users Meeting, Berkeley, CA, USA. April 1999 

High throughput secreted protein identification and cloning. Tenth International Genome 
Sequencing and Analysis Conference/Miami, FL, USA. September 1998 

The evolution of DNA sequencing: The Genentech perspective. Bay Area Sequencing Users 
Meeting, Berkeley, CA, USA. May 1998 

Partial Growth Hormone Insensitivity: The role of GH-receptor mutations, in Idiopathic Short 
Stature. Tenth Annual National Cooperative Growth Study Investigators Meeting, San 
Francisco, CA, USA October, 1996 

Growth hormone (GH j receptor defects are present in selected children with non-GH-deficient 
short stature: A molecular basis for partial GH-insensitivity. 76 th Annual Meeting of The 
Endocrine Society, Anaheim, CA, USA. June 1994 

A previously uncharacterized gene, myl, is fused to the retinoic acid receptor alpha gene in 
acute promyelocyte leukemia. XV International Association for Comparative Research on 
Leukemia and Related Disease, Padua, Italy. October 1991 
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PATENTS 

Goddard A, Godowski PJ, Gumey AL NL2 Tie ligand homologue polypeptide. Patent 
Number; 6,455,496. Date of Patent: Sept. 24, 2002. 

Goddard A, Godowski P J and Gumey AL. NL3 Tie ligand homologue nucleic acids. Patent 
Number 6,426,218. Date of Patent; July 30, 2002. 

Godowski P, Gumey A, Hillan KJ, Botstein D, Goddard A, Roy M, Ferrara N, Tumas D, 
Schwall R. NL4 Tie ligand homologue nucleic acid. Patent Number 6,4137,770. Date of 
Patent: July 2, 2002. 

Ashkenazi A, Fong S, Goddard A, Gumey AL, Napier MA, Tumas D, Wood Wl. Nucleic acid 
encoding A-33 related antigen poly peptides. Patent Number: 6,410,708. Date of Patent:: 
Jun. 25, 2002. 

Botstein DA, Cohen RL, Goddard AD, Gumey AL, Hillan KJ, Lawrence DA, Levine AJ, 
Pennica D, Roy MA and Wood Wl. WISP polypeptides and nucleic acids encoding same. 
Patent Number. 6,387,657. Date of Patent: May 14, 2002. 

Goddard A; Godowski PJ and Gumey AL. Tie ligands. Patent Number: 6,372,491. Date of 
Patent: April 16, 2002. 

Godowski PJ, Gumey AL, Goddard A and Hillan K. TIE ligand homologue antibody. Patent 
Number: 6,350,450. Date of Patent: Feb. 26, 2002. 

Forig S, Ferrara N, Goddard A, Godowski PJ, Gurney AL, Hillan K and Williams PM. Tie 
receptor tyrosine kinase ligand honiologues. Patent Number 6,348,351. Date of Patent: 
Feb. 19,2002. 

Goddard A, Godowski PJ and Gumey AL. Ligand hbmolbgues. Patent Number: 6 t 348,350. 
Date of Patent: Feb. 19, 2002. 

Attie KM, Carlsson LMS, Gesundheit N and Goddard A. Treatment of partial growth 
hormone insensitivity syndrome* Patent Number: 6,207,640. Date of Patent: March 27, 
2001. 

Fong S, Ferrara N, Goddard A, Godowski PJ, Gumey AL, Hillan K and Williams PM. Nucleic 
acids encoding NL-3. Patent Number 6,074,873. Date of Patent: June 13, 2000 

Attie K, Carlsson LMS, Gesunheit N and Goddard A Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,824,642. Date of Patent: October 20, 1 998 

Attie K, Carlsson LMS, Gesunheit N and Goddard A. Treatment of partial growth hormone 
insensitivity syndrome. Patent Number 5,646,1 13. Date of Patent: July 8, 1997 

Multiple additional provisional applications filed 
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PUBLICATIONS 

Seshasayee D, Dowd P, Gu Q, Erickson S, Goddard AD Comparative sequence analysis of 
the HER2 locus in mouse and man. Manuscript in preparation. 

Abuzzahab MJ, Goddard A, Grigorescu F, Lautier C, Smith RJ and Chernausek SO. Human 
IGF-1 receptor mutations resulting in pre- and. post-natal growth retardation. Manuscript in 
preparation. 

Aggarwal S, Xie, M-H, Foster J, Frantz G, Stinson J, Corpuz RT, Simmons L, Hillan K, 
Yansura DG, Vandlen RL, Goddard AD and Gurney AL. FHFR, a novel receptor for the 
fibroblast growth factors. Manuscript submitted. 

Adams SH, Chui C, Schilbach SL, Yu XX, Goddard AD, Grimaldi JC, Lee J, Dowd P, Colman 
S. t Lewin DA. (2001) BFIT, a unique acyl-CoA thioesterase induced in thermogenic brown 
adipose tissue: Cloning, organization of the human gene, and assessment of a potential link 
to obesity. BiochemicalJoumal 360: 135-142. 

Lee J. Ho WH. Marupka M. Corpuz RT. Baldwin DT. Foster JS. Goddard AD. Yansura DG. 
Vandlen RL. Wood Wl. Gurney AL. (2001) IL-17E, a novel proinflammatory ligand for the IL- 
17 receptor homolog IL-17Rh1. Journal of Biological Chemistry 276(2): 1660-1664. 

Xie M-H, Aggarwal S, Ho W-H, Foster J, Zhang Z, Stinson J, Wood Wl, Goddard AD and 
Gurney AL (2000) Interleukin (IL)-22, a novel human cytokine that signals through the 
interferon-receptor related proteins CRF2-4 and IL-22R. Journal of Biological Chemistry 275: 
31335-31339. 

Weiss GA, Watanabe CK, Zhong A, Goddard A and Sidhu SS. (2000) Rapid mapping of 
protein functional epitopes by combinatorial alanine scanning. Proc. NatL Acad. Sci. USA 97: 
8950-8954. v 

Guo S, Yamaguchi Y, Schilbach S, Wada T.;Lee J, Goddard A, French D , Handa H, 
Rosenthal A. (2000) A regulator of transcriptional elongation controls vertebrate neuronal 
development. Nature 408: 366-369. 

Yan M, Wang L-C, Hymowitz SG, Schilbach S, Lee J, Goddard A, de Vos AM, Gao WQ, Dixit 
VM. (2000) Two-amino acid molecular switch in an epithelial morphogen that regulates 
binding to two distinct receptors. Science 290: 523-527. 

Sehl PD, Tai JTN, Hillan KJ, Brown LA, Goddard A, Yang R, Jin H and Lowe DG. (2000) 
Application of cDNA microarrays in determining molecular phenotype in cardiac growth, 
development, and response to injury. Circulation 101: 1990-1999. 

Guo S f Brush J, Teraoka H, Goddard A, Wilson SW , Mullins MC and Rosenthal A. (1999) 
Development of noradrenergic neurons in the zebrafish hindbrain requires BMP, FGF8, and 
the homeodomain protein soulless/Phox2A. Neuron 24: 555-566. 

Stone D, Murone, M, Luoh, S, Ye W, Armanini P, Gurney A, Phillips HS, Brush, J, Goddard 
A, de Sauvage FJ and Rosenthal A. (1 999) Characterization of the human suppressor of 
fused; a negative regulator pf the zinc-finger transcription factor GIL J: Cell Sci. 112: 4437- 
4448. . * ■;• • 

Xie M-H, Holcomb I, Deuel B, Dowd P, Huang A, Vagts A,.Foster J, Liang J, Brush J, Gu Q, 
Hillan K, Goddard A and Gurney, A:L, (1999) FGF-19; a novel fibroblast growth factor with 
unique specificity for FGFR4. Cytokine 11: 729-735. 
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Yan Mr Lee J, Schilbach S, Goddard A and Dixit V. (1999) mE10, a novel caspaseV 
recruitment domain-containing proapoptotic molecule. J. Biol. Chem. 274(15): 10287-10292. 

Gurney AL, Marsters SA, Huang RM, Pitti RM, Mark DT, Baldwin DT, Gray AM, Dowd P, 
Brush J, Heldens S, Schow P, Goddard AD, Wood Wl, Baker KP, Godowski PJ and 
Ashkenazi A. (1999) Identification of a new member of the tumor necrosis factor family and its 
receptor, a human ortholog of mouse GITR. Current Biology 9 (4): 215-218. 

Ridgway JBB, Ng E, Kern JA ,Lee J, Brush J, Goddard A and Carter P; (1999) Identification 
of a human anti-CD55 single-chain Fv by subtractive panning of a phage library using tumor 
and nontumor cell lines. Cancer Research 59: 2718-2723. 

Pitti RM, Marsters SA, Lawrence DA, Roy M, Kischkel FC, Dowd P, Huang A, Donahue CJ; 
Shenwood SW, Baldwin DT, Godowski PJ, Wood Wl, Gumey AL, Hillan KJ> Cohen RL, 
Goddard AD, Botsteiri D and Ashkenazi A. (1998) Genomic amplification of a decoy receptor 
for Fas ligand in lung and colon cancer. Nature 396(6712): 699-703. 

Pennica D, Swansbn TA, Welsh JW, Roy MA, Lawrence DA, Lee J, Brush J, Taneyhill LA, 
Deuel B, Lew M, Watanabe C, Cohen RL, Melhem MF, Finley GG, Quirke P, Goddard AD, 
Hillan KJ, Gurney AL, Botstein D and Levine AJ. (1998) WISP genes are members of the 
connective tissue growth factor family that are up-regulated in wnt-1 -transformed cells and 
aberrantly expressed in human colon tumors. Proc. Natl. Acad. Sci. USA. 95(25): 14717- 
•14722: . : ; 

Yang RB, Mark MR, Gray A, Huang A, Xie MH, Zhang M, Goddard A, Wood Wl, Gurney AL 
and Godowski PJ. (1 998) Toll-like receptor-2 mediates lipopolysaccharide-induced cellular 
signalling. Nature 395(6699): 284-288. 

Merchant AM, Zhu Z, Yuan JQ, Goddard A, Adams CW, Presta LG and Carter P. (1998) An 
efficient route to human bispecific IgG, Wafure B/ofechno/ogy 16(7): 677-681. 

Marsters SA, Sheridan JP, Pitti RM, Brush J, Goddard A and Ashkenazi A. (1 998) 
Identification of a ligand for the death-domain-containing receptor Apo3. Current Biology 8(9): 
525,528. 

Xie J, Murone M, Luoh SM, Ryan A, Gu Q, Zhang C, Bonifas JM, Lam CW, Hynes M, 
Goddard A, Rosenthal A, Epstein EH Jr. and de Sauvage FJ. (1998) Activating Smoothened 
mutations in sporadic basal-cell carcinoma. Nature. 391 (6662): 90-92. 

Marsters SA, Sheridan JP, Pitti RM, Huang A, Skubatch M, Baldwin D, Yuan J, Gurney A, 
: Goddard AD, Godowski P and Ashkenazi A. (1997) A novel receptor for Apo2UTRAIL 
contains a truncated death domain. Current Biology. 7(12): 1003-1006. 

Hynes M, Stone DM, Dowd M, Pitts-Meek S, Goddard A, Gurney A and Rosenthal A. (1997) 
Control of cell pattern in the neural tube by the zinc finger transcription factor G//-7. Neuron 
19:15-26. 

Sheridan JP, Marsters SA, Pitti RM, Gurney A., Skubatch M, Baldwin D, Ramakrishnan L t 
Gray CL, Baker K, Wood Wl; Goddard AD, Godowski P, and Ashkenazi A. (1997) Control of 
TRAIL-lnduced Apoptosis by a Family of Signaling and Decoy Receptors. Science 277 
(5327): 818-821. 
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GoddardAD, Dowd P, Chernausek S, Geffner M, Gertner J, Hintz R, Hopwood N, Kaplan S, 
PlotnickL, Rogol A, Rosenfieid R f Saenger P, Mauras N, Hershkopf R r Angulo M and Attie, K. 
(1 997) Partial growth hormone insensitivity: The role of growth hormone receptor mutations in 
idiopathic short stature. J. Pediatr. 131: S51-55. 

Klein RD, Sherman D, Ho WH, Stone D, Bennett GL, Moffat B, Vandlen R, Simmons L, Gu Q, 
Hongo JA t Devaux B, Potilsen K, Armanini M, Nozaki C, Asai N, Goddard A, Phillips H, 
Henderson CE, Takahashi M and Rosenthal A. (1997) A GPI-linked protein that interacts with 
Ret to form a candidate neurturin receptor. Nature. 387(6634): 717-21, 

Stone DM, Hynes M* Armanini M* Swanson TA, Gu Q, Johnson RL, Scott MP, Pennica D, 
Goddard A, Phillips H, Noll M, Hooper JE, de Sauvage F and Rosenthal A. (1996) the 
tumour-suppressor gene patched encodes a candidate receptor for Sonic hedgehog. Nature 
384(6605): 129-34. 

Marsters SA, Sheridan JP, Donahue CJ, Pitti RM, Gray CL, Goddard AD, Bauer KD and 
Ashkenazi A. (1 996) Apo-3, a new member of the tumor necrosis factor receptor family, 
contains a death domain and activates apoptosis and NF-kappa p. Current Biology 6(12): 
1669-76. 

Rothe M, Xiong J, Shu HB, Williamson K, Goddard A and Goeddel DV. (1996) l-TRAF is a 
novel TRAF-interacting protein that regulates TRAF-mediated signal transduction. Proc. Natl. 
Acad. ScL USA 93: 8241-8246. 

Yang M, Luoh SM, Goddard A, Reilly D, Henzel W and Bass S. (1996) The bglX gene 
located at 47.8 min on the Escherichia coli chromosome encodes a periplasmic beta- 
glucosidase. Microbiology 142: 1659-65. 

Goddard AD and Black DM. (1996) Familial Cancer in Molecular Endocrinology of Cancer. 
Waxrnan, J. Ed. Cambridge University Press, Cambridge UK, pp.1 87-215. 

Treanor JJS, Goodman L, de Sauvage F, Stone DM, Poulson KT, Beck GD, Gray C, Armanini 
MP, Pollocks RA r Hefti F, Phillips HS, Goddard A, Moore MW, Buj-Beilo A, Davis AM, Asai N, 
Takahashi M, Vandlen R, Henderson CE and Rosenthal A. (1996) Characterization of a 
receptor for GDNF, Nature 382: 80-83. 

Klein RD, Gu Q, Goddard A and Rosenthal A. (1996) Selection for genes encoding secreted 
proteins and receptors. Proc. Nati Acad. ScL USA 93: 7108-7113. 

Winslow JW, Moran P, Valverde J, Shih A, Yuan JQ f Wong SCi Tsai SP f Goddard A, Henzel 
WJ, Hefti F and Caras I (1 995) Cloning of AL-1 , a ligand for an Eph-related tyrosine kinase 
receptor involved in axon bundle formation. Neuron 14: 973-981 . 

Bennett BD, ZeiglerFC, Gu Q, Fendly B, Goddard AD, Gillett N and Matthews W. (1995) 
Molecular cloning of a ligand for the EPH-related receptor protein-tyrosine kinase H\k. Proc. 
Natl. Acad.ScL USA 92: 1866-1870. 

Huang X, Yuang J, Goddard A, Foulls A, James RF, Lernmark A, Pujol-Borrell R, 
Rabinovitch A, Somoza N and Stewart TA. (1995) Interferon expression in the pancreases of 
patients with type I diabetes. Diabetes 44: 658-664. 

GoddardAD, Yuan JQ, Fairbaim L, Dexter M, Borrow J, Kozak C and Solomon E. (1995) 
Cloning of the murine homolog of the leukemia-associated PML gene. Mammalian Genome 
6:732-737. 
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Goddard AD, Covello R, Luoh SM, Clackson T, Attie KM, Gesiindheit N, Rundle AC, Wells 
JA, Carlssdn LMTI and The Growth Hormone Insensitivity Study Group. (1 995) Mutations of 
the growth hormone receptor in children with idiopathic short stature. N. Engl. J. Med. 333: 
1093-1098. ; 

Kuo SS, Mbran P, Gripp J, Armanini M, Phillips HS, Goddard A and Caras IW. (1994) 
Identification and characterization of Batk, a predominantly brain-specific non-receptor protein 
tyrosine kinase related to Csk. J. Neurosci Res. 38: 705-715. 

Mark MR, Scadden DT, Wang 2, Gu Q, Goddard A and Godowski PJ. (1994) Rse, a novel 
receptor-type tyrosine kinase with homology to Axl/Ufo- is expressed at high levels in the 
brain. Journal of Biological Chemistry 269: 10720-10728. 

Borrow J, Shipley J, Howe K, Kiely F, Goddard A, Sheer D, Srivastava A t Antony AC, 
Fioretos T, Mitelman F and Solomon E. (1994) Molecular analysis of simple variant 
translocations in acute promyelocytic leukemia. Genes Chromosomes Cancer 9: 234-243. 

Goddard AD and Solomon E. (1993) Genetics of Cancer. Adv. Hum. Genet 21: 321-376. 

Borrow J, Goddard AD, Gibbons B, Katz F, Swirsky D, Fioretos T, Dqbe I, Winfield DA, 
Kingston J, Hagemeijer A, Rees JKH, Lister AT and Solomon E. (1 992) Diagnosis of acute 
promyelocytic leukemfa by RT-PCR: Detection of PML-RARA and RARA-PML fusion 
transcripts. Br. J. Haematol 82: 529-540. 

Goddard AD, Borrow J and Solomon E. (1992) A previously uncharacterized gene, PML, is 
fused to the retinoic acid receptor alpha gene in acute promyelocytic leukemia. Leukemia 6 
Syppl3:117S-119S. 

Zhu X, ; Dunn JM, Goddard AD, Squire JA, Becker A, Phillips RA and Gallie BL (1 992) 
Mechanisms of loss of heterozygosity in retinoblastoma. Cytogenet Cell. Genet 59: 248-252. 

Foulkes W, Goddard A. and Patel K. (1991) Retinoblastoma linked with Seascale [letter]. 
British Medl J. 302: 409, 

Goddard AD, Borrow J, Freemont PS and Solomon E. (1991) Characterization of a novel zinc 
finger gene disrupted by the t(1 5; 17) in acute promyelocytic leukemia. Science 254: 1 371- 
: . ; 1374. ■/ ■ ..V . V 

Solomon E, Borrow J and Goddard AD, (1991) Chromosomal aberrations in cancer. Science 
254; 1153-1160.; 

Pajunen L, Jones TA, Goddard A, Sheer D, Solomon E, Pihlajaniemi T and Kivirikko Kl. 
(1991) Regional assignment of the human gene coding for a multifunctional peptide (P4HB) 
acting as the p-subunit of prolyl-4-hydrpxylase and the enzyme protein disulfide isomerase to 
17q25. Cytogenet Cell. Genet. 56: 165-168. 

Borrow J, Black DM, Goddard AD, Yagle MK, Frischauf A.-M and Solomon E. (1991) 
Construction and regional localization of a Nqtl linking library from human chromosome 17q. 
Genomics 10: 477-480. 

Borrow J, Goddard AD, Sheer D and Solomon E. (1 990) Molecular analysis of acute 
promyelocytic leukemia breakpoint cluster region on chromosome 17. Science 249: 1577- 
.1580. 
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Myers JC, Jones TA, Pohjolainen E-R, Kadri AS, Goddard AD, Sheer D, Solomon E and 
Pihlajaniemi T. (1990) Molecular cloning of 5(IV) collagen and assignment of the gene to the 
region of the region of the X-chromosome containing the Alport Syndrome locus. Am. J. Hum. 
Genet. 46: 1024-1033. 

Gallie BL, Squire J A, Goddard A, Dunn JM, Canton M> Hinton D , Zhu X and Phillips RA. 
(1990) Mechanisms of oncogenesis in retinoblastoma. Lab. Invest G2: 394-408. 

Goddard AD, Phillips RA, Greger V, Passarge E f Hopping W, Gallie BL and Horsthemke B. 
(1990) Use of the RBt cDNA as a diagnostic probe in retinoblastoma families. Clinical 
Genetics 37: 117-126. 

Zhu XP, Dunn JM, Phillips RA, Goddard AD, Paton KE, Becker A and Gallie BL (1 989) 
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:Jfc- m^ rfour years since dieOTOsta^ 

ascs 4 made PGR practical Some of the rd^#^##r 

acceptance are high cost, lack of automation of pre- and, 

carryover-contamination, the -first mo points are related 
in that labor is the largest contributor to cost at the present 
stage of PGR development -Most current assays require 
tome form of "downstream" processing once thermocy- 
cling is done in order tb-^ete^ thevtar^t 
DMA sequence was , present and, has .amplified. ' These 



in^u^DNA hybridiaatio^ 

without use of restriction digestion 7 * VpPLC^ or capillary 
^el^pphoresis 10 . These methods are^bpr-intense^rhave: 
-low throughput, and arc- difficult to automate, The tin 
:<j^irit^"alsb eldsdy related to, downstrearn prc^fessj _ 
I tie handling of the PGR, product in these' downstream 
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17 i « 2& I fl^°^cc&« <*n be, detected, die ^j^a^m fcl&A^ 




uvthe 



...... . j • iwwgwiqjBMqpM 



that wiU fluoresce, in order of inaTeasb#auor€scence f are 4 reactions-were perforated using ^^^19 for ei- 
free J£0r itself , and* EtBr ^und^to ^^%^ks^tteided I ther >the:wa^mie;4>r mcMe^^ tpdiuta^ ^fa4ftvnaii 
BNAprimm^dltothedon^ \ fl-gtobin geifce^ft^ 



its; intercalation between die ^c^ed^a>eS of fte B$J A 



slclperm^tation site at the terniirial S' 




the ainpuatot^ 
se$eral>n^^ 

additional dsDNA, resulting in an increase in fluores- J a reaction with either the wild-type allele specific fleft 




*he*dtal fluorescence of the sample is small The fluores- ) sickle p ; globm individual (AS)^andJrorn a- homozygous 





Hie E&A *ype jtf 
. ^ injtensi^ 



Ontain- 
defease j 
her do I 

•t tew' 



i in the 



h a ted I 
ms jri 
SfA. 



. These ^ 
: for d- 
human 
nparted 

bus ant* : 
e of the 

rislsts of | 
ifte (left | 
w Three 
wygous, 
ezygW 




©rimer s^ v 1ft|itaf m^^^-^ f 
ihat pi*sent in a PGR where ^^f^^^^^Mc^^ 

ijue ^ ^f0^ Q&rty 3 jmewg^sp of a-BN&; 

tt£^pj*M^ alleles, f- 



esttt; di- 



stated ft mM0i^3o& #^^j^i^6^ 
with no t^tge^PNA is also, shown. Thirty Cycles of PCR 




The fluorescence iraee as a function <X tirie dearly 
sfiows the^^^the therMoey<3^ 

* *^ihveisely with t^aij^rat^ ilte fluo- 
»^^i^i^sxQi$<' at the d^iia^ii^n^iy^i^ • 
* 



aereis. 

^pe T dsBilA^ synods without }the appropriate target 
fiNA^and ihere is Ktderif any ^leacM^g otDiBr during 
the c^tronous illuniination of me i^ai^Je > 

h$ the S$R contanring n^le D^iA^ tJ^;|i«orescence 
iga^Kj^ dt ; ^d^^^ to 
increase at about 4000 ^qs^S^^^fkis^m^ 
continue to increase with ta^ 
i^^i^^^'.sa ai><fe^ 



uaa||^^ ^ 



atare^ereisaidd^^ Thus the course 

of the ampliation is followed by 'tracking '-.the lluores- 
cence increase at the anneaU^ 
.'thepr^^ 

resis showed ^^k^^irs^^m^^ ^^^m^tsk^tie 
m&eJmA containing sample 4&d jm St^akAd BNA 
■'qtod&ia; fo£tl&. contlc^sanip^ 

DISCUSSION .- v . 

, Downstream processes such as hybridization to a se- v 
<juen<^spedfie probe can ettonee thesjpeefecy oir i>KfA 
Selection fcy IPCFL The >efcn^^ 

'ai«ah^i#atij^ie * spe^&^ 

depends solely 06 that ot#^Ri In the ?)cas$ #steM^cell 
$sease$we sh^tr to f)NA 
sequence specificity to permit j|enet^;sc^luii^ Vsing 
appropriate- ampliftm^ li^Ie torn- 

specific production of dsBNA in the absence of the 
apg^pnate ttrget allele. 

The specificity required to detect pathogens can be 
more or less than tiiat required to do ^hetib £esrenmg» 
depending On the number of pathogens m rise sample arid 
die an>otint of other DlsfA that must be taken with the 
sample. A difficult targeti$ HI ^Vi whichvrequlres detection 
of a viriil genome that can ^^t^e levei df;a fm copies f 
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25'e, 



2Qng of mole DMA 



25 ? C 




94"C 





• i ■ ft. 
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DH^up tri mkrt^ su£ i positive. If* sample fails. to have a fluorescence increase 

ficr^t^dtn^re^ j after thU tfca^^qfl^^ 

fiuon&^cg jfrMuoed jfcfo mtfet bfe d£te£*fcd{ &|^i|^it i$ariy i'tcaw^fe.=S^'^i»^^- : Sp^6 
additional com0ka^0a^l||at Occui£ ivjth ,targ£ts m hyr \ pnndpfe i? xeady icjrthe clink, an a^snientof tfcs ral$ c 
to|siy^um^ % dic^ forttofioi; oj' tibfe ^rim^^ime^ i r^sitive/false#e{^dVera^ 
art|f^:|^#^ 

using ^theother pruhematemplate a^thougHthiso^ f summary, the mdii^n-ni'JS^^-dws wMe fluo- 
^fre^vieritl^, oh<# |t,=^ ;^ifes!C^^^^'■fe• etthan^ <dp|^iS8^i^ 

substrate for PGR amplification, , and compete with j i^ajgp to detect specifioDNA arbitration ft cm autside 
tee^r>CR^ 

^urierpr^^ c ~-~ uu 
sour^;o£.-fafe ■ r >Lia : 

To increase '$Ca^.^M^&i^jb»a^ the ejfedt of 

Jer of v ^pt^ ttes^l^pnmer^' 

Tioi|i^ 




synthesis 
prpaches si 

;b&j§^^ 

be j»«?a3fe io Use - 



EXPEiUME^AL PROTOCOL 
r , .15 were set »p 4n4fl0 -^volumes contaitung 10 ji 

cyder rfttWlfiS^^ 

„. , .„ , r _ ^k&&A~m£^6 

a sample were as indicated in' 'Figure r S, fUiorescencc measure 

vb&me* -i^l^Vfe^inl- 'ot-l&r.'^waEt £r*|iSred -a* 
^escribed for Hl^4%)f above; except with diStt*mv 



menmnon in 96^dl f onnair% In this foftaati'the fluores^ -1 le^Jbbin *j*ed!&e pnraergf at l^'pmole each prijher per - PGR 
cence in each PGR t^ht-qma^$^^fy^ t after, and 1 ^ese x prlro6rs were developed b/W*fcet^ak w . Three different 

middle fibem^d<3 l^SU wc^e phc^ra|hed th^^ta WMf^fl 

e^eacejme^r^ents were 

" — - ~ ~ r/ ~" ~- ~0 ' " \ fill ViJ?«V«H» ^Jg^JM»F-**»'4;^&lftt«i^^- « 

the^targer the amount J (SEE^ Edisoo, ^ci^tidf ^ ha^^itfa 

during PCB. a fiuoroc^nce ^crease is detected; feelkni^ I aboutl nm bandwidth wi^h at^O ^ ^ft^^^^S^ 

s^nstavity to twofold difi erer^es m initial target pm { 

: sj^^iorometer and %^^^%^^:^b^- as^^-a*-^' 
•S3te^a^c«sory<S^^-'<c^ nOv l950|to ;^o^^nd^^«o^ 
}^t>to 4 ana>re<^veemi 

a ao3fet % ^ pmp W 

Of the ft!beriij& eable was atta\^ed^mr15miiiu to#e s 



f^^#*edoced' 
. JW^^N»;4ti:a : 

i0W^nl^d^i 
S^t$^|^UCl:ov1er 
by &cOt|)d^atin^ the dyife*btr£c^~ ^ 

/ ; ^e'Mvie >hiw|i^ :i£at-die; ; _ 
l^n^fced;^ a#a§ti$*^^ 

both once PGR is oomp^Becl a^cl ^ntmuousiy -daring; 
;&ei^o!ydk^^ 

dfic deteedon can-- % accomniished} is the most j 
promising aspect ot':^is > ^|^' '^e^a^rt^nce analysis'^ 



cdneentrauoh. 

Gbnverseiy, if nuixxber of farget molecules is 
kno^yn^-as It can . be tns^ehetic s^feei^i^-^c^ 
Tnoiutprir^tha^^ pi^c^m^^t ; -$p^: 
tive and false negative reX^l^ 'With a known murjiber of 



fluorescence by a predictable dumber of cydes.of J»qE.. I withats>cap removed) effccttvely «e^|ag ife ^e ex^slet 



the^e^ tube ahd&e end tfkSifeig^ 
^r^g^veltro^ w 

Mmer^'C 4^^'«B\M« monitored $0$. wi%a^4i^^to 



Incases ui: 4uor*^ne«3^^ •or- > af^rAthiiaLt 

le would indicate potential ai^facts. False 
-results due to, fo¥ exampte,:^ i - , , , . . 
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1991. Detection of specific 
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i5 Kapuscinski, J and Sxer, W 19*9., Intcrucupns of % 
phen^ndolc wthsyothcucpblynudepod^ 

16r fcearii . , . _ , 

Hoesclit>332$8 with the -raaiQr 

sni|^ human ipermai^ ■ ' 



Dohmy, M>/andv<SbdMieri 1^4 imnrov, 
• .*feecj£c/«ai»^ 



^ifta^^'A 

■ J.F, a*fd W^totei^, T, «t^p^^^S 
niOnodbnai antibodies >id cell surface antigens. J; laamun ifcfK 






mofecyle is expressed on the ejtirface Of 
monocytes arid some; maorophaiges; Meiyi^r^ne- 
bound is a receptor 

(If^S) comptexed to4^Si®nding-P0t^n^^ 
oondecitration of its sqttble feirri >is altered under 
eertiain pattoc^fe^: There is eviderfce for 



of 



an 



burnings and inf lamrnatlpns. 
During ^ptte^ifrtioh^ 



12x# deterrHiaations 
(miprofiter strips), 
preo^tedvvi^as 
rnonoclpnal antibody, 
2x1 feo^f irncutetto, 
stai^ard range: 3 -96ng/ml 
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r^in^mer,^plie^ 



TbeS' nuclease POR assay detects the 
accumulation of specific PGR product 
fejp [^ytihUlzation and cleavage of a 
double^abeled fSitoro^eritc probe 
during : iifte amplification inaction. 
iThe probe Is an\dlI^^i^Q^e with 

quencher dye attached. An Increase 
* In reporter t1uo>e^^^ - 
' dlcates that the probe has hybridized 

t the target PCR product and has 

been cleaved by theV n»cl^ 

olytka^ 

sin tWi; study, probes wjtft the 
^iiffic^i r dye attached to an internal 
nucleotide Wjere compared with 
probes wltfc ^ ^ dye. 
tathed to the V end ^ 



to the 5' end, AH Intact probes 
showed quenching of the reporter 
fluorescence. In general, probes with 
the quencher dye attached to the 
endtftfcleotide exhibited a larger sig- 
nal In the 5' nuclease PCR assay than 
thte r internally « labeled probes, ft Is 
proposed that th& larger signal U 
caused by Increased likelihood of 
cleavage ,by Taq DNA polymerase 
when the probe Is hybridized to a 



with the quencher dve attached; to 

an increase in: reporter fluorescence 

•ylftje^^ 

plementary strand. Thus, oilgonucje- 
^t^S^s with reporter' and ^u^clife 



V;V< 



fee ac<^mttl$do]ft.Qf specifisr PSR prod- 
jactfhat as|s a dpubieTiai^ied %pn> 
-geiiitepro^ etil*^ 
l&e, assay ei^oits the ,5' ^ 3 r rtucte- 
olyjta ac#$ty ; of DNA #o%^ 
merase' 2 - 3 * and is dia^amed in Figure 

dye, such as a fluoresce^ af^ehed 16 
thWs' end^nd a quenefcerdye, such as a 
rhodaitoiiie^attathed internally. < When 
the fluorescein is e^r^^ 
its Iuo^ei|t emission will be 
Quenched if the* thodantlne is close 
enori^ t& ^ 

cess of ilu^see^ee energy tranifex 
(FES)/*** During PCR, if ttie ^robe is. i^y- 
feidizedto a template strand, Taf DWi 
polymerase v^ii- cleave the probe fees 

'.. Catise inherent 5' -v 3' nucleoiyuc 
activity. If the cleavage Occurs between 
She fluorescein- and rhodamine dyes, it 
causes an increase in fluore'scein ftuotes- 

ic^ee i^ the &toesceiii , 

ts ^longer o^jencj^ed, fee increase kj 
fluorescein Buevreseeft^^^^^ 
c£te$j&at;u^ 

has been gerierajted. Thus^PEt betWeen a 
reporter ^e diid s a quencher, dye is criti- 
cal to die petfor*nince of tKe pjobe in 
the 5*; nuclease PCR assay. 

• ••<^«ti^u|^, co^piet^r dependent 
on the physical proximity of the two 

: <^€^^* j^c^|i^;.^C "tirj^^^t ^$s^ been as-; 
sumed that the quencher dye must be 




PC^ assa^ Furthermo% cleavage of |iiis 
type of probe is not te^uired to active 
some^ reduction In quenching* 0H^onu- 
cieotid^ with a reporter dye oft the 5' 



exhibit s much JWg^^^^i^er fluores* 
cehce when doubly Wcted as coni 7 
\'$&0 w^^«ih^.e4strarided, This should; /; 
makeitpossinie to use .imp '1§$jk^6f dou- 

tectioriof^ 

MATERIALS AND METHODS 
Oligonucleotides 

Table 1 shows, the ■■n^^^-^«!^e ; - 
of the oligonucleotides used in Ms 
stticiy. '^k&' ^^^ii^-rj^^y 
phi&ifa^^ was obtained? from 
Sie^feesearch. the $tand^ i>NA j^hos- 
.phoramidites, o^rb^^flu^resceai 
fAM) phc^horamidite, 6^aib03C^et- 
- i^ethylrho(&inine succinimidyl' es^er 
(TAMRA ms ester), and mosphatlBk 
for attaehing a 3^ %lockuig pho^phate^ 
.were •o^irfe4' : "tem- < --fe^^ 
plied Biosystems Division. Ohgonude^ 
odde synthesis wa$ p^itom 



BiOsysterhs). Pdnier and conipieinejnt 
oligohueleptides we^re purified using 
Qlfgo Purification C^hi^es (Appuid 
^9systern^.#^ 

s^thested with 4-FA^labeied; ph05> 
rjhoraj^i^ 

oheo^A^^^ 
V 0t, k > at ^ * end- Following de- 
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FIGURE 1 Diagram of 5' nuclease as^ay, Stepwjse jepres^Mbri jbf the; ^t^to^ttcao-. 
tfrtfy of Ta^ 0J^ pojynierase acting on a flubrd^enic pf©l>e Siting one* ejep^ioja phase of PGR. 



mM Na4}icarbonate Jniffer (pH 9.0) at 
100m tenaperature. Onreacjed dye ^yas 

tlex column. Finally, the double^ahejed 
rwa$;pUfi%a by^^ * 



-^(^^'rt*^ particleslie. 
column ^ developed with a 24-rofci 
Itoear ^;$ent of ^20% acetorntrii £ 
0.1 m 3iftA (triediyiaxnine acetat^), 
^oteateiiain 

quejnceftorn Table 1 and the position of 
the LA^TAMRA moiety. For example, 
pr^be '#H4 has sequence Al with tAN^ 



5'en<l 



PCR Systems 

All PGR ampUficAtions were performed 
in the ^SerteBiaier GeneAmp PG&Sys* 
iem:96& mi^$^^U^ctiohs^x con- 
tained 10 riiw Trismo (pH 8.3), 50 mti 
KO, ^|twdAlR;2G0|tM d0FP, 200 
d^FP, 400 jtw vdt^v o:s unit of VtttpEr- 
ase ura# ^ly^osxla^e (PerkitirEtoei), 



gene fou^tides 2^|M^3S Ip the se- 
tfamm of ife^^aajlih^ «t al)^> was 
amplified u$ing:primei$ AFP and ARP 
(Table 1), wliieh are modified slightly 
frt^tho^ 

plifkation reactions contained 4 xm 
}^QuM % M fetoan ^eiipnijc mk 
S&n^^^^^%^nd 300 htfeach 



TAfetM §eqtienc^<>f Gllgphudeotldes 



pfimerv The: tfierntal regtefcri was #te 
(2 min), 9^ (ift^ . 
{25 se^ M^Gftfaai^, ^n^W^E^ 
A &$bp «epient ^ 
Jplasmid^ of- X 

Dm- tMaeotti^ 

serted;in ttieSmaf $i^^ve^^^^|l^: 

these JeactiOns contained 

%a^, Ingof plasmidfe^ SO .'nW#^r 

nM primer R11& itn^TtSi^^ 
: was (2 0119)^*5^10 minX- 2&<y* 
cies of 9$*C (20 sec), S^fe (1 «^^;an^ 
hold at 72*0. v 



Fluorescence Detection 

'For ea^-apptt^ - 
aii<juot^t a saniple -%^:to;hsl^^io ari 
(n^ividuajw^ 
titer plate ^e^^Eia^i: 
was tneasured on th^^rMnrEinM 
Man l&SOBr System, whf<^ c^rt^n;mn 
luminescence $pec^oraetet with Iplafe 
' reader a^i^^ia^S^ki ' e^ci4iio^fflt' .. 
ter> arid a 515-nm exhissipn filter. Excita- 
tion jate, a$ ^tiur^ ; ;ii^^^/ a , S^iij^ ^j^t. 
width. Emission was tneasuied at SIS 
mn ror^^^ (^t«^it^r orR value) 
*andS82nm fOr T'Aki^ Cfee quencher or 
§ value) using a K^nrn slit width. To 
determine theincx^^ 
siori tot is cadsed by deavage 0th£ 
probe during PGR, three no^aliza^ons 
are .ipg^;':fe;\%a->:ra«^ enii^ioh data. 



is stibtrai^ t0r &^'*^^^^i/$eGi 
ond; enti^iori&te^ity^ offfie^|pr^ris 



Name 



F119 

M19 

H 

VZC 

PS 

PS€ 

,m 

ARP 

AlG 

A3 

A3C 



Type 



Sequence 



probed 
cdm^lenteot 



primer 
proh^ 

complement 
^rote • - t 
complement 



ACC^CAGG^Gh^GAC^C^ 
AT6TCGp0TlX^^& 
tCGCATTAC^GATdjOTC 
<nAGTG^<^^^A'_ _ . _ . . . 
(^GATTj0gpOTAtW^^ 



AQAGfi^GGATG<l^^ 
C(klC<^GACrrrGGAGCAAGAGA2p 



iW eaclj ^ri^hucl eb^ 



.^vv^^ yv^.^^...^,. ^ «,^ TUJ j « 6 - proo«., uie^unaeriuieooaie ma leases a posxpon wnete W( Witr\ 1AMKA attacnea w as sytwti- 



i 



Probe 



A1-2 

AI-7 

At-14 

AM9 

At-22 

At#6 



51 8 nm 

poterop. , ♦ temp, 



582 nm 

no temp. , . , •' » temp. 



ARQ 



A1-2 3?:? ±1.9 

A1-7 ^14.3 395.1*2*4 

A1-14 1J27i6±4^ 403,5 ±19.1 

A149 187.$ ± 17.9 422.7 ±7,7 

Alf2£ 224.6 ±9.4 4S^±43£ 

A1^6 160^±%0 X 



33,2 ± &0 j38;2^?^ ^6££<M>1 6<&^b;0& , #19jbO.G6 

108.5 ±6:3 110i3i^53 ..0.49>0:0? 3^^W 3.09 ±0,18 

r09^±&3 93,1 *.63. :146*(% , -4^4^/. 8.t8*p:i5 

703 ± 7 4 73 0*2* ;l67*0.05 ; 5.80 ±045 3.13± 016 

1000*4.0 96^1 ±5:6 5 : p2±Oil1; #77±tU2 



FIGURE 2 Resroltsof SVputfea^ assay C0m^ 




and ^ieai^m;^^fei testate C*tetnp;). the R&xatio ^jfin^4^cula»i^v ^aidh;'j»®yt^it^: 



secfuence hi the human ^actin gene, 
F%tirie 2 %My& ih€ j^& af ®$ tbqpeti- 
merit ui ^tic& these f*i#fee$ were in* 
eluded in RCR that amplified a segment 
qfthe^at^ 

s^ueaee S#g^wftc^ l ite nu- v 
clease FOR assay *fc ^nitored by the 
magnitude of ivl^ich is a Measure 
of the? lhcr#se2h reporter tluaresceriee 
caused 'Jjjj| ££R ^piiiGatioh 0$ the 
•^eb9-^|fe^fttf^*Ali^-)^-a AR^v&ue 
that is efese : to 2ieto> i^dlc^i^ <^af the 

iftg the£^ 

gests that th0 Ji^^^fi v ^dye on the 
iecojrtd'i^ en^i %eite 

is tnsjifcloieht room for taq polymerase 

to a£a,vtfef^ 

and ^uehsher, fee o&e* five probes ,ex- 
hibited:eoi5pipatab!e &RQ values that are 



dMded^the 

que^l^ for each 

- m^o&:ti0e> ^is f normalizes ferwelk 
^irjatens in probe rancentjat 
tion and fluorescence measurement. Ei* 
natty, AKQ Is calculated by subtracting 
the R value *>f the nc^template conbrol 
gpfffii^ite :RQ value for the com- 
$e$e reaction Including template 

<m+y. 
mum 

A series of probes with increasing dis- 
tant^ between the fluorescein tepbrter 
ato^ rfiodamirie quencher Were tested 46 
Investigate themlnimum andmaximum 
spacing that would give an acceptable 
performance^ in the nuclease PGR as- 
say, these probes hybridise to a target 




ptoA^e> a ft^eh ^la^%vft^0a1^^#^ 
^rt#: fluoie^ence'than that observed ": 
in ftgute 2 (data not^shown). Tbias>Bfven 
in ieactipns wliei&to^^ 
tlierni]^rijty of pip&j&^ 
Und^eaved It Is matr^fer this r€a^on 
' tj^tjif s-^ore^ 
auene^f 

ampj^iion dft^^g^i^%^feiet;. 
alle^S;U$:ta^ 

reading as a nor^allzatton vfactor. ■ . > 

magriituide of $tir MpM$& : -/- 
mainly on ^4^^^}ii^0^^ 
h^rent m the sg^^^^^^-^f^: 
pf^s^^e^r^ 
otlde^ Wm, theilarg^r RCi^ values 6di- 
; .eate : &atgrobe$ Ai^i^l^ At^^d 

^as..<S&cu]pa^ . 
of quenching is s^ttcieht to <j€ftect a 
highly sjl^lfi^aeht grease lit reporter 

fecieiivisi dtiiing 

' ; for|fe feyie^ate the aMigr 0 

^00&: v^'lested^jpaj^^ 5' nuclease 
.^Rfassfy-'fct eic^^ai^ bae grdb^has 
:^Mm]im^^ to an internal itucle* 
pM^eattd thed^ 

to the 3' en4 nucleotidei The results are 
sbpjwrr ih^ble tL fetitt ^jtm^$^^- 
probe Mth the 3' queticher e^tb^- a 
MQ value that is x^risSftJerably higher 
ton fox €he grobe with tRe intfcfcnal 
; .;^^her> iXir vabes sugge)^ ^at 
differences In quencMng m f ttot a$ great 
as those observed with some of the Al 
probes. These resuta4emonstiate thata 
queric^k dye on the 3' end of an oligo- 
nucleotide can quench efficiently the 



TABLE 2 Results of S' Nuclease Assay Comparing Probes with TA^IRA Attached to an Internal or 3^tenninal tludeotlde 
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582 nm 
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* temp. 



noteipp; 



^temp- 



ARQ 



A3^ 
A3^4 



54,6 a $:z 



84.8 ± 3.7 
236.5 ± Xi.l 

384.0*34^1 
555.4 ± t41 



^2>±;4.0 

1051^:6,4 
140,7 ^84 



11$;6 ± 2.5 . 

- ^4:±;33 .. 



OAf±om 
d;8r*t).oi 



2,62±0^)5 
3.19*046 



2;|p*0;16 
3.8$ % 




I 



I 



1 



5^ 

t 

1^ 



... -\ ;;. j.. -,j • ■. •• ■■ .• 




fi^t^^^ x>fta reporter dye orr the 5' 

demior tttis type of qli^onutJ^Qfid^ ta 
he^edas a pt^in tlieS' nucl^^CR 
assay, 

of the? c^g^deotiae^ fluore^^c^ ms ; 
m^suifcd f&r pr^es hi the: single* \ 
$traftde<i |tatf ^db^c^^ttded states, tar 
bk 3 reports the-fladresGeflce ol^erved 
at 51$ ajwi ^^.•■'^'^jthfe degree 
of ^VeiieMiig 1$ assessed by caiqufating 
the RQ ratio 1^ probes with TAMRA 
6-40 pp^eQSiles Itbm the S* en<i> there 
is iittleidifferehce in the Revalues when 
comparing single-stranded with double- 
stranded bilgonutieQ^des jfhe results 
for prober with TAJtfRA at the 3* end 4re 

$idtiM^ strand 
causes a dramatic increase in RQ. We 
l^opdse thit dils 'Iqss ;cjf:'^^^i^\ti>. 
ydft^:% : ^:i^i- structure ©if ddubie^ 
strarided %^^hich- : rAeverits^ the 5* 

When TAMR&is placed towardrthe3 r 
end; there is a marked -Mg 2 * effect on 1 
.^^S^^^H 3' : S;h % 6^.'a : -pic>i §f ofc- 
ser^eW l 8QE values for the^ #i series of 
probes ^-^'i^cfio^f 'J^^;COhCpl^ 
tioit With TAfcffiA attached near the S' 
end (probe Ai*2or the Revalue at 
0 him is only slightly, higher than 
; RQ at 10 mM Mg 2 *. For probes Al-1^ 
M^, atidAl^thelUS values at O mM 
Mg 2 * are very Jhigh, indieating a much 



reduced quieriehing effMer*£y? preach 
of tiiese; probes, $ejte& a rriarleid 
^easeirt R€i ?t l mM fcig^ ^^<>Xn^^ J^y* 
a ;g%d^Lde«Siie as the^W^* con^rW 
t&tl<& ' IriGila^elS'^^ifi^i^' Probe 
sfcot*^i^ 

Jflgf* a gradiial tf^ higher 

virolartterit^ V^th ^'tAl^f-'p^^t,^^--- 
gie-sfra^ded 4%?^^^^ tk, 
^ectM^to #opt an extm$$ coMor- 
jsnatioh because i£ ^lle^ost?;ti^ j^pufc. 
sign l^e bind|h| of Mg 2 * tons acts to 
shield the n^g^tive charge of the phos- 
phate : backbone so that -rife* plUjonuele u 
Otide can addpt confOM^tions where 
the 3': end is close to the 5 r erid v There- 
fore/ the o^ryeS^Nf^ effect support 
the notion that quehehing ^f a re- 
porter dye by TAfc^^at or near the 3' .' 

gohuCieptide- 

it sreenis-. the rhp^mihe; dye ;TA1$^ 

piaeed ataiiy ''.(^^^-^^^^^^ , 

otide, <ari qtfef^t^to 

sidn of a rtu&resce^ plac^-at 

th$ & end ;ll^ ;jb^p^rttia f t a $u%Je- 

stranded, dOtil^-lah^ed \ oiigonucl^ 

:otj£e must be to adppt- ; ^ 

tiortfwhere the?AMM^clo^e 

tni ltsrtoddbeno^th 

:&MtiI tn tfee e^c}tedmte requires a eex- 

taih amount : M time: T^eMore, ^hat 



TABLE 3 Comparison of Huorescence Emissions of Single-stranded arid 
Ooufel^$trartd<^ Ru^^ 
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4 ss 


ds 


■ ss • = . 


d$ 


Ah? 
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6108 


1381* 


&4$ 


0.50 


mm 


4331 
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' 9£$6 


0-81 


■5,43 


A3.6 


16.75 


62,88 


393? 
67C72 


165.57 


0:43 


0;S8 


A^24 


3,6.05 


578.64 


140:25 


0.45 




P2^7 


3502 


70.J3 


54;63 


12109 


0.64 


0.58 


P2^27 


3^89 


320,47 


6s: io 


" 6K|3 


Q&l 


Ms 


P5-10 


27.34 


144.85 


61.95 




6,44 


0:8?; 


PS^28 


33,65 


462i9 


•'••7239,' •. 


With' 


6;46 


4.43 



(ss)Slnglefsuandedi IJxe fluorescence emissions^t 5|8 ot 5^iun ^fer soluu^tts eoi^inlftga final 

(d$) ' Do;u6ie-^tranded, The solwMbns cotmin^&'ad<to^ i^^MtiS^^^^tmdt 
Al-26, 4p0 tiM* A3C forptotes A3* and A3-24, iPO nM P^or probes P27 and P2-27, qtlOO-UM 
, ^ |^%^^#^##a ? #^^2^' Before the addiUon of MgCI 2 , 120 ot €ddi sample wis heakd 



mat|e^-j6tque^i%i^ 
di^n<*;.r^t^^ 

but^xa^er^iip^^ ■ 
••^M^^u"dn|f^1ttli^i^ 



1 




paj#WitiitJ^ 
toi#rxucfeo^^^^^ 



proxirrn^ to 6^plSd^^^ 
abl£ to accent tiic^t^i^^^Rl^-M 
extftM 6~FAivt ^ r *\ '■ 

. ■ DetaMs ;: o£^e^^ 
mehts.ren1,ain^ujt4^g ; ^^ 
bie,3,shomth^^b]^^ ptobes 
Al-26, A3^ t sh^S^S to their cornpie^ 
menia^ ^sjaw^mot 
in^asie in 6^Fi^f Wm^ts^^.^S^ 
nm bufcalsp^ jh 
TAMRA flttdr^scenice it V ^8Z nih. If 
TAMRAis being 

i&'&om:ji&exk&fg ^6^4 t&^ra ipfsi of 

^eriGhing at^b^fajbje^^ h 

shQ^jd c^use at &e^e^Ci& ^k. :liu^res*. 

ce4c^;«^iisjt^ 

the fluorescence emissipn of f AMM 
. situation is 

more CQmpl^Jor^^pl^ 
eedotal e^dehfee ^t ihfei^ of the 
<ji^oriude6ti^ es^|^: ^ ^encrv 
the fliuoresc^nae- jbl b^m v ^FIM and 
TAMRA to wttti de^te^, Wheri doubie- 
stra>nded f bas^pairi^^ ^ reduce the 
aby% of 

maiy fac^Tucau^ifjg #e ^encrto of 

<^?> Evidence for th^ ir^^rlaahce of 
TAMJ5A is /that &$A$ ^udrieseehce 
tfeniiaihs ' rejtativelyr unc^^ when 
prpbes laMet only wd are used 

iri S^r^e^ 

sriowrrrj. $ec^n^^ elf^t«^d^ tlupres* 

. cence, bo&4>eifer£^ 
the prob^, need to be exploded further. 

Regardless of the ^ physical, mecha- 
nism, the r^a^vel^d^ehd^^ 
tion and o^ueh^feig greatf>r ^inlpWrles 
the des^n of prbbes for the S' nuclease 
PGR assay. 1%0re are three main fetctors 
that det^rrnici[e fee ^efrorrnarice 6f a 
doubfeiaWe^ 

: §^.rmcie^se|?<^^ass%^ 

"th^ debrief of 

in^Ct pro^ 4 ^is is c|xarajB^^ 
value of Mt~, whleli is the ratio of re- 
porter, to quencher £luor>$ce;zit einis* 

- fluehces on 'the- value of RQ- 'indude 
j;afete'^articular reporter and ^cuenciier 



<: 



(hi 

K 




^IGfURES '-^^.^l^f^l^^^ oti Aa^tio ^t- 1%^! ^^'•Qf^o!*|i;TJi!fe fluorescence 
emissibii^tenslty it $18 aoa"S82 nixi was melted for solu^ons containing 50 ra^ probe, I0 mM 
?n>$<2l 01 83), $0 to 1^^:*^^^^ calculated IRQ 



dyes u$ed,*pacing between reporter and 
qaenxiier dyes, Nucleotide sequence 
.<M^:^ec^>^r^^it^ of structure or 
o&er lac^^it >##&e flexibility of 
the oligonucleotide, and purity of the 
pmbe/TTie^ 

of hybridization, whi^h depends on 
probe T TO , pr&ehce of *^nd<uy struc- 
tate in probe or template, ann^ing 
temperature, atid otfeeir reaction eondi- 

wfeich taif W&h polymerase <3eaves tke 
feotm^i' ptbbe behyeen tjie reporter anil 
G^entfte^ dyes. T&k ^ is depen- 
; derit sequence coi^ fee T 
tweeri ptc^ mi <temgfite as shown i?y 
the observation tbat- mismatches in lite 
se|^mfbetweeri;i^po 
dyes drastldlly reduee the deavage of 
probed 

the rise in RQ^ values for the Aiser 
tfesof pro^ 

degree of quenching is reduced spine- 
What as the quencher U placed toward 
the 3' end, The lowest apparent quencti- 
tag-ft observed for probe AM9 (see Fig. 
3) rather than for the probe where the 
tA^RA ^s atihe & end Tliis is 

understandable, as the conformation of 
the 3' end j^sitipn^^w 
be l^Sv^^^dithan ^ the eoiifoimatton 
of ah; mtemafc poslflbja. In e^ect, a 
quencher at the 3- end is freer to adopt 
conformations close to .the 5': ^M^N 
4ft£*mk. is an mt^^#&l|d>: 
quencher; For the other three set{;oT>' 



probes, tbe ihteipretation oVRCT values 
is less clear-cut. The A3 probes show the 
,i^^Jfi^'^;-i^;iS^ the;3' TM^RA ' 
probe having a larger t&~ than; tire in~ 

^#^nal TAfciI% pmbe . tor the £2 p^r, 
bbth^tbbes ftay& about the same &CT 
value, &>r Oie#$ probes, the ItQ" for the 
3/ probe is Ids^th^ 
labeled prob?> Anotfier factor that jniy 

; esftiain^m^ 
that par|ty ^ects the 1$T v^Jtie. Ak 
ttoougbi all pr^s >re tiifLQ pui*Ri$> A 

•;■ If mall amount df ; .ippiitei^i|0tt'' vktjv 

^V3tii||[u^c^^.jr^rt^r can; have a target ef- 

;;f^<^:^^. : 

^I^oujlh ^^re may be a modest efc 

; feet on decree of quencbi^g^the posi^ 
tion of -the quencher apparently can; 
t&ve a large effect on the eificiency of 
probe cleavage. The mostdrastic effect & 

• observed . witii prdbe Al^ Where plao 
mefit of the TAl^M ;0&*he second hu- 
cleodde reduces vthe ei^enty^f cteav- 
agf to atoost zeifo. For the A3> H, and PS 
probe$, AftQ is much greater for the 3' 
f AMRA probesas compared with theln- 
terhai ^i^RA probes. This is e^ained 
most easily by assuming that probes 
with ?A1^ at the 3! end ar^ more likely 
to, be c3eayed between reporter and 

r^n^cher to 

y a^tbed ;ipi%^^ For the Al Pjrobej, 

' i^^l^ ppeja^. jaj ';prpb / e-..At-7: 



trates the -^portan^ 

ttsje prob^^iij^^^u^icj^r on^||8^ 

end in the S' ^ 1 

a^say;. a^te^ea^ig^ 

porter ^uorescence is observed ^ sbrily 

wfien th^ probe l$\cl^v^^^m the 

reporter ^attd ''qiieiielii^/^p, ^jf ' 

t^ reporter and? ^i^iUi^ dyh : ob:^^ 

opposite ends of an: ol%onud^pti% 

probe, any iieaV^^t^c^^^^,. 

to an internal irudfeot^e,, sojrausanres the 
pn*e ; wbr^^ 

not so v^t ^^|f ^ivl-: rda|H^" |^ip-- 
performaiice of probe A3-€ presuma&iy 
means the ^re^i^j^^^^ 

• ote.:fu^ncii^-- k^^ A ^S^]^p^^^^ 
reporter and quencher. Th^refor^ the 
best cfeance of feirvlii^ ^>gip^^^t^ejl- 
$bjy -def^fcts acc^n^aiMoii ^t?CK^pd^ 
jUctln the 5 *m^^ 

a pro^ wl&^ 
dyes on opposite ends, 

• • ' Hadn^g ^ 

end may also provide a sli^beneftt irv 
terms of h^itdizai^ 0 ^ effi^eticy. !Fhe 
presence pi a'qutench^r at^cbed to air 
inte^ial nucleotide might be expectfcd to 
disMipt baserpajilng and reduce the ^4, 
df a probe. In feet; a ^?G-#C redujMon 
in ha^bec^n observed for two pj^bes 
withWer^^al^ 
disruptive effect would be muifinlz^d by 

. jphc^^e quen^r 

' • probes- w|i$(^n& . • 

slight^ higher hybrid totioft%ffi<ae«^^ 
thatt:pr61^j^tli^ 

Tte.cjo^faa^ 
.ageand^^ 

vdiat probes Witb3^q^^ 
^ V0 be moretol^ 

tiyeen probe and target as c^ii|^ed 

vvl^ inje^j^ 

, erance of ra^matc|i^ic^rt be advanta- 
geous, as when trying to use a Single 
probe to/defect FGR-alnpiUfied products 
froin satr^l&oNi^^ 
meaj^totcte 

is less sensitive to alterafions in ari^ 
nealing temperature or other reaction 
.conditions- Hie one appli^afion where 
tolerance of mismatcft^ may be a disad- 
vantage is terallelic ^i^a^^jl^^^ 
^^L 0) demdnst^ 
probes were ciieaved .between reportfir 
anfto^iencher^n^w^ 
:. |erfe<t^^o^Jemeh^ 




•t^^lend ^d Weie designed $$th$3hy 
mismatches were ^tween the renter 
and ^enchek frtcfe^hg % distance 
tetWjeen- reporter grid quencher wduld; 
iess^rt ite dlsxupMve el&c* of 
wq^mi aiiow cleavage of foe jtt&tte, 
on the inccrrrea -target Thus, probes 
yn0i a quencher attached tea& internal 
^^M^inay still be useiuf for allelic 

: ik this stft4y fess^ 
h^^^ttloxr Was \ise<i to s^b^> tfiat 
qUenchiiig by TAMRA b dep^n^t 
on *he flexibility 6 f a ^ngie^tr&rie^ 

fluorescence intensity; :thb%h> c6xi& 
als o be used to determine whether 
bridi^tion has occurred Or A#i;^us> 
oligonucleotides /with reporter and 
quencher dyes attached at opposite ends 
shoiil^ also be useftil as n^rM^^n 

>'prote^ : 1lie afrifey to de^'to^ridfea- - 
tion in realtime meart$that^e$e^irpt>e$; 
could be used to measure hybridation 
Mr^eti(S^so/4his 
used ito d#*eiop homo^ene^ 
feation assaysf ot4l^gnosties or dttierajp* 
plicatiorls: Bagwell et ai^ 1 ^ d^be 

V^^jfie of^d'fepgehefe' U$sj% : whefei 
hybrfdizatidh of a probe^ causes an in- 



quenching, Hotyeyer, they iitil&d a ' 
complex probe design that requires add- 
ing nucleotides to ^ndsvol; 
probe sequence to form two imperfect 
hairpins; The results presented here 
demoristrafe that the sirnpie addition of 

cleotfdeand^a quencher (fyetotheo^ier 

can d&ect hpridizitioh or^^nVW* 
cation. 
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GENOME METHODS 



We fiaye developed a ;cw^^hjl6 '^^^^^.^l^; me$5*i : itt^e|^|^^ ^flrcidit#ct 

acoirjnrtatibn thfojugh a duaMaJjeled fluorofeehlc probe jfri, TsqHzft Pro6e> this metftj&d provides Very 
a^j^an^^ oQv&f^ metfiodfe reaMme PGR 

does not require post4X^ sampte haridling, preven 

resulting jfiritnictf^ ^Ippcl raMeM^iBl^i^asg: 4^'^«i^3r^ fe^^i^infG 

i*r\jj^$^^^ flyfefard^ of *i^ft^^ 



Quantitative nucleic aci4 sequence analysis has 
r had ^lmp©rt^t rote in many fi^^><rf|>i^Wgi& 
cal research. Atea^ement^ of ; ^ene ia^e^iQ0 
0Q^A) has beea u$.^ ^tensiv^y in monitoring 

\^^4^mxi^' et 1995a;b; ^d^om^ ^.al^ 
1995). Quantitative gene analysis ^HA) has 
been used to determine the genome quantity of # 
particular gew, as In the case of the human MEM 
gen& which is amplified' in ^<^ 0 ^f-,i>t!east 
mors (Slamori et ai. i'SST).* Gene and genome; 
quantitation (DNA and RNA) also have been used 
for analysis of human immunckj^ficien^ -virus 
(HIV) burden demonstrating cbanges in- thelevr 
?ls of vitus throughout thcdi^^t|?Kas^;#^ 
diieaie (fconnor et at 1993; Plaftak jet 'at l9S>3b; 
Furtado et at 1995). 

Many methods have been djes^dbed ifqir the 
quantitative analysis of Auj^e!fc^#^%se^^iQe$ 
^>oth for RNA and DNA; Southefh l9!7S; Sharp et 
aL 1980; Thomas 1980). Recently, PGR has 
proven to be a powerful tool for quantitative 
nucleic add, analysts. ICR and reverse transcrip- 
tase (RT)-PGR have permitted the analysts of 
minimal starting quantities of nucleic acid (as 
tittle as one ceil equivalent^ this has made posr 
sible mahy:experimentstha been 
performed with ;. traditional Jcnethods, Although 
Pt& has provided a powerful too!/ it is imperative 



that it be used pr^r>eirly for quantitation $&ey- 
markers 199S). Many early reports of qukrttita- 
five fcftand^^ 

: 'the<^©?o0i^t' b^'djid «or mpmm the irntJ& 
target sequence quantaty.lt inessential to design 
^PO^^<^l^issfe'r th<e-:^uan^ktiori^ottli^initiit 
tat$et sciences (Fer*e 1992; Clemenli et at 
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E MJ0en^e^9^ ^CMtn; FAX (41 5) 2ZS r 1411. 



R*s£atche« have developed several methods 
of qtiatetttatl^ ft% Md^^f^/^^^^^h 
measures PCR product quantity in the idg.prjase 
of the reaction before the plateau (Kellogg et al. 
\tS^ftj^0#-& 1990). this /method; ^ 
that each sSrhple has equal input amount of 
h^ftetc addend that each sample under analysis 
irn£^ 

^.[^^ji^pivr ah$y&* Ajg&te seq^en^%on- 
:'. *air$$ ^^^fj^m^ie^^'j^ttytay constarttquah- 
- *ki\§& 7 si*$* . as: . $-actih) • can- be ; used 4ot ; samfele- 
am^Iifi^tidt^ efticiehcy no*rhalizatiort. Using 
.conventional methods of PGR detection and 
quantitation (ge! electrophoresis or platV capture 
hybridization), it is extr<erriely laborious to assure 
that aij samples are analy2;edd 
of the reaction (for ^th the target gen? and the 
normalisation gene). Another ihethod, quantita- 
tive eoi^ been developed 
and is used widely for PGR quantitation. QC-F^R 
relies on the inciusipn of an lmierriii/C^r]t^;.' 
competitor in --ea^»rea€liQ A^^^l^^^d^-i^l 
' : flf^^t ■ j^TT^e* .^flicte^^ =iaAch re- 
adiioh Is n6rtfteic&# #?-*M ; irljr^^V;<r^g^ror. 
A feowri amount of internal corniMit^/cairt be 
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REAL llfcf£ m^W^^ 



a<|ded W each sample T6 ^t#ns rel^ye qu&hi* 

pated Witft the k«QWfi Gomj^etiftot ff&0k($te. 

Success ot^a quantitative comp^iri^ 

rellcss Oh #v^pia$ ^ii^efcr^f ^^^^^^sif^m 

^^thfe^t^ trf the; computer .ajAdk^l^itiv 
dation cfcampt&o^tk ^0^0t^^-im^\x)t a 

QOt j^ire&at/PCR proqdcts be ahai^ed during 

\>1&fy|^ * ■ 

^^i^Btectioii systems are iis^ f&:$aa!* 
tftatBve ^4 jftT^PGR ar&t^is: '(^,^^ise,- • 

#&eetfcm with lase^tffluced, fluorescence using 

liarrmtal 1996)0M 

capture andsandwich *ff$ft£ ^ri^ia^n/^ui- 
der et ah 1994). $thoi%h th^e m^ 
Isubfees^ 

nlpi^taiis that add time to the a«aj^s and 
xiidLf ieatf to laboratory co^^hiin^c^v : Th£ 
sample throughput of these methods % limited 
{witiv the exception of the ; plate ca^re apr 
•preach), .t^fefa*^th^ 
wfett suited for uses ^ ili^dii^S'- ' • " 

throughput .screening >t;^f^n^^fe-<jt 
fei^olefeulei or analyzing samples : fot.^%0&' 
tics or clinical trials). 

Here We report the development of a novel 
assay for $yanti#ti^ ^N^-a^^^'^e'.a^y -is.; . 
based oh the use of the 5- nuclease assa>r llist 
descrthed fey Holland et a|i (l£9 '% The rrietHotf 
uses theS' huplease achyity Of 7m? poij^erase to 
cleave a nonextehdible hybrid^ 1 
ing the ^extension pl^^ 
uses duaMabeled nuorogenic h^rl5dfe^tJ6n 
probes (Lee el at. 1993; BassJer &&. 19$£; -titfak 
et ai/T995a,b). One fluorescent dye serves as a 
reporter f$AM (Le., 6-carboxy fluorescein)} and Us 
emission spectra is quenched by the s^oMfliib- 
resceritdye, TAMRA (i,e., 6<aFb6xy4etramethyl- 
rhodamii^e). tn'e nueliea^e ^gradation of thfe by- 
^bridlzation probe releases the quenching 6f the 
FAM fluorescent emission, resulting in an rirj- 
crease in peak fluorescent enrissroi* at 518^nrn. 
The use of a sequence detector | ASI Pn$rn);^ws 
rneasurement of fluoresced 
Of the thermal cycler cortflnii<>usiy during rite 
PCS amplification. Therefore, the r^actibhs are 
moriitored ;in real time. ^uiput d^ is de^ 
scribed; and quantitative a^ 
BBA sequences :1s discussed feelbw. 



REMITS 'v. ■ 

PGR %oduc( Efct^ofv irt Real "tjrne 

The^i vfas ta 

sidye, aia fp^ratf ^ 

yse ih ftionitor^i^ jipt^mediated ^>%eraj>eut|e 
•|RR0 delivery, A 0asrpid^n<X)duig huijpai* factor 
^ ^r$^J^e, jiP8&f {sefe Irv^i^^^ ^sr^ ■ 
used - as a mcft&l (heiij^^ ,gfcrte; the |s^y i|$es 

^or^^t^ ? 

rft^nt ^pabt|? of tti^&irtk# ^fl^r^er^re^ in fies|l 
time (AB1 Prism 7700 Sequence i)^te<ttQ#v %e 
TaqmarVte^ 
labeled wijfe^ 

Jre^nt ert^gy transfer qc<iurs and ^e^i^er 
^yj&^fllto if ah^rAei^ ri^3he 

q££n^ the^^nslorl', 

j#ia^^ 

kctlvity 'of the DNA j^lyrherais^:^ 
•the prob^ the rer^ 

traWrer^ ytlfeiehtly t& 
sU^ reporter dye fluores- 

.'• ^^nf^m^lofi: spectra ; PCll prirh^^n^^o^is 
were designed for the ^i^arrr^btoir- VjfH i& 
quenceand-hu^m des<:?lbed in 

^^rhptfo). Optimiz^don Reactions; y/ere per- 
formed to chopse the appropriate probe and 
m^esium concentrations yielding the highest 
intensity of .reporter fluorescent Signal without 
sacrificing specificity, the instrurrteht Uses a 
charge-coupled device (Ke^ GGD camera) fat 
me^unng the fluoresc 
500 to 650 nrrl. Ekh t%& W 
sequentially for 25 msec with pontirtubus rnofii- 
toeing throughout the amplification. &Ch tube 
vvas re-examined every gls sec. Computer soft- 
Ware was designed to examine the: fluorescent in- 
tensity of both v the ft2porter dye (FAM) and 
.the jquertching dye ^TAMilA). The tljuOrescjeni 
intensity af the quenching dye, TAMftA; chariges 
very little over the course of the PGR arhjglffi- 
Ration (data not siiown), therefore; the^n tensity 
of TAMRA dye emission serves as ah ihternal 
stadd^; Yf\$'w$k*h to fiormalize the fepprter 
dye (^A^- ernissjip^'y 

dilates a value t^tm^d ^ftrt (or dRQ); using the 
foHowi^g equation: 'iX(kk)k f^n*)^0n^ where 
Rn* « emission intensity of ^^^^ in- 
tensity of ^uehcher air apy-given ti rr^in; a^reac- 
tipn tiibe, and Rn" = emission ihtsnsltity of rc- 



ampbficatiort in-th^t same ceieti^n 
Itube fer jths purpose of Quantitation, the last 



tension Zieptor each PGR ejfcfe were analyzed, 
the riudeojytic degr^datiDnof t%#^iiaiza^^ 
p)robej5CCMrs during ihe extei^sion |jjia^ 0f%3ft, 

erea$& d^i^^^^ l^e *ta^<iata; Jtiii9& 
were averaged for each PGR cycle tfe ineM 
value for eaGhr ^vas plotted i^n/'ai^^ca%>a 
plot" $hown infigure lA.The ! A^/^«^^tiieM 
pjptted oa the y-axis, and time^ represented by 
Cycle number, i£plotted0& tfee x-ax^s During the 
< -iaafc :i$$e$ • 4f ; t!je PGR atiipliftcation, the &Rh 



bhdization projk has been cie#ve# ;tfi^:.^j}.;; 
pbt^era:& fmt;lea$tf ffetivlty; the It^eftgtf #ner 
j^tWit ^ote&erit\eitoi^ 
ariip^^tfensMa^h ^piatea^ph^ 



^x^mined %ly |i* the ^clt^ at a. point -fjh£f 
rre^fihts itit jog t>base of product ac^mui^ 

, mt£- : *ms^ is doTie 5>y . f ^/i^A^;^ 

ba$e«lme^ta In figOr^ IA> the ^riesi^^ 
at to italifffid d^vlatiw ab<>ye th^ haeaib Mf 
b&e4im*ml&^ cy&^s ltd $§,. 
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Figure 1 PGR product detectiort in real tirn^, {A) The Model 7700 software will construct amplification plots 
frojn the extepsionphase flu^tierit «issi^n v data collected dM^ng the PGR arnprificatipn. The stapdard de- 
viation is determined from the data points coHected from the base line of the amplification plot. C T yaiiiies are 
^culafed > by determinihg tl?e;^intkt vvjhiph i&jel fluorescence exceeds,* &«*$M<j' iiml* (u^ily /Wtihl^^e 
Standard deviation of the t>^e human genomcc 

sample ^ 

points- represent the nieaii <>* plicate PGf^ ^^Hfe^orisi and etrbr bars are ^$wA"]i^bt^t:' irj^^sii^vi^S^fefe^ 



*ftts j^nt dfe Will <lei^<^^2ftfe^ tW&r value 
^ pj^ target 



Figut£ 16 $fi^s amr^^ 
.eiit PGR am^iifi<»ti<?n5 dyerlaid: ^c-jSH^feMl"'' 
fio^.,Wete;^^p^^'0)^- a.- 1:2 ^^ir^^oA^f; 
htXman fg^j^}?©^ %8i£ air^liR^iacg^ was 
;fcuma^ shift to 

t^n^ht (to ^ input 
target q^anti^y b reused. Wis is expf^ed -tier 
c^uSereac^ 

target molecule ^»^'te^nv^ 
<t'^g^i<i^ '-^Mh^Ma" jpa*ybe'.-iS» -^&tf^W4a^ trWhpld 

iiaid Iteviar^ to 
;d^terinim (hd Of values, Figure IG repmeihits the 
(^^ue^^^ted Vefeus ijhe .sarnie dilution 
value. ^£sagC3^ -'"idisijrtjrts>T»-_ -jw-aa«« &i^$>ltJBl^^l' iniripHcate 
P<:R afn^tifiqattorts and plotted as m^an values 
With e^^ 

tiohv The Values decrease '^isii^j^tfiij^^S' 
ir^tairget /qn^ktyj Thtxs, v$i#e$ i&rp& ■ 
as a quantitative measurement of the input iatqpt 
number. it;should be noted tt|e :aw'plilica-' 
tidn^Jiotior the is^ng sample #iown in Figure 
IB does not reflect the same Budtesceht rate of 
increase exhibited by most of the other samples. 
The 15.6*ftg sample also achieves ehdpQint pla- 
teau at a lower fluorescent value than would be 
expected based on the input PNA. This phemom* 
enon has been observed occasionally with other, 
samples (data not shown) and may be attribut- 
able to late cycle inhibition; this hypothesis is 
still under- investigation, it is important to note 
that th£ flattened slope ahd early plateau do not 
impact significantly the calculated G T value as 
demonstrated by the fit on the line shown in 
Figure iC. VKll triplkate amplifications resulted in 
very similar Gr values — the standard deviation 
did nOfcexceed 0.5 for any dilution . This expert - 
ment contains a >100,0004old range of input tar- 
get molecules. Using d values for quantitatiory 
permits a much larger assay rahge th^n directly 
tiding total fluorescent emission intensity for 
quantitation. The linear range of fluorescent in- 
tensity measurement of the ABi Prism 7700: Se- 
quence Detector only spans three logs, resulting 
in only a lOOO-fold dynamic rang^ of input mol- 
ecules. Thus-Cj values provide accurate measure- 



m&rvts over 3 %ry !a^.ra 
target qua^rititieSv 

femple Preparation 
Several parameters jnttuert 

. trai^hs, reaction con^pns-(i^ # 4ime and lem- 
,|>e*^^^ sfee a^id -composition, 

primer sequences, and sample |*^<y . All of Ihe 
a|feyi factors^ 
except ^mpletp isamjple purity, 
^lldate Mtxh^d §)T$ajkp%^^ 
thefec^tittll 

ibpty and e^tclenty Pf 10 re£fcqft& sarrijsie 
preparations were examined; After genomic DMA , 
i^'^s^ni. Irjc^^jbLe 10 ^egllc^te^mpi^ ^he 
D£JA quarttitated by uitr^v^rsp^rosepp^. 
htnpiifi&kow |vere r^rforrhed air^y^g^^igti^ 
gene content in 300 arid is i^^tbtii^^p^-. 

tripiicate. Gpi^ris^ 
' iicate/sa^mjjle .stow: mi;riijna:i' Vari^^^^W-' •' , 
standaid^ 

'•(Ta%te l);v^)&tefpre, each Pf tihe tii|>tote PGR 

$tra ti ng tha t '^aiiltne f CR^tfsi^Mi Ijte^aetv 
cation introduces minimal variation into the 
Quantitative I^R analysis: G($mparispn M the 
mean C,- values of the 1 0 replicate sample prepa- 
rations also showed minimal yariisMli^/rndicat- 
ing that each sampl e preparation yielded simila r 
results ^ 

difference between any of the samples was &8S 
and 0J1 for the 100 arid J5 hg sa^pjes, respec- 
tively^ Additipriaiiy, the ampjifieatipn of each 
sample exhibited an equivalent rate of fluores- 
cent emission intensity change pel amount, of 
E>NA target analyzed as indicated \hy similar 
slopes derived from the sample diiutipns {Fig. 2). 
Any sample contain ing an excess of a PGR inhibi- 
tor would exhibit a grea ter m easu red Jhacti n C T 
value fpr a giveh qpMAmity of DNA In addition, 
(he inhibitor would he diluted aLlpng With the 
sample to the dilution analysis (Bg. altefring 
the expected Gt vailue change. Each sample am- 
.piification yielded-a sirn ilar resu 1 1 in the analysis, 
^erhomtratin^ satiipjeprepav 
ration is highly reproducible ^ith regard to 
sample purity. 

Quantitative Analysis of aflasmld After 
T ransieh t Trausfectipn 

^95 cells were transiently transfected with a vec- 
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tor containing a partial cDNA for human factor 
VU1, pF8TM. A series of tr^n^fectiprjs was set 
up using a decreasing amount of the plasrnid (40, 
4> 0.5, and 0.1 ^g). TWentyfour rvours post- 
trapsfectipn, total DMA was purified from each, 
flask of cells. 0-Actin gene quantity was chosen as 
a valtie for normalization of genomic 15 r^ A con- 
centration (com each sample. In ^ 
P-ac;tin gene content should remain constant 
relative to total genomic DN A. Figure 3 shows the 
result of the p-actin ^ ng 
total DNA determined by ultfaviolet speetros- 



between any two sample means was 0:95 Cf, Ten 



ex^mihed for fkactlh. The results again showed 
that very similar amounts of genomic DNA were 
present; the maximum mean p-actin C T value 
4lfferen«:;wajs. l&.'M Figute 3 shows, the rale of 
P-actih Ct ctofiiffi between the 100- and TO^ng 



3156 and; - i .45): this verifies agaih that the 



in -triplicate and the mean Pra^tin Or values of 
the; ; :trtpiicates were plotted (error %a>s re^r^sent 
one standard deviation), tfte ;hi|;hgst glffe^ence 



identical I^^ihtegtity Jji.4 v no sample contained 
an excessive amount of: a PGR irihibitot). How- 
ever; thes^e results indicate^ 
talnect slight differences in the actual amount Of 
genomic DNA analyzed. Deterratnatlon Of actual 
genomic *&HX cpqc^ntratipn W ji & a%ompll$lied 
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ft, 
V* 



Y, 




rel Saimpfe^ 
samples shdwn iri;d||le^ 

and -25 .ng 

points for each sample ate connected by a Tine. 



by plotting the mead ft-actin Q value obtained 
for; each 10O~ng sample on a ^attin standard 
.«^e (shavp in Fig, 4€); T^e actual genomic 

figure 4fr shows the measured non* 
normalised) quantities of factor Vlfi- piasmid 



copy). Each sample was analyzed in triplicate 



ry m 2&7T ♦ 4&&9p> 1 




M 1.6 1.8 

fog {ng input DNA) 

$igtir$<3: Analysis of trapsfeeted -<^^OtM.^ t aritity 
aM;putity<, ih&&tjfe'pjfeffi$ti6Q$ Qf r the four 29 ^ 
cell transfecttons (40, 4, 0.5, and 0.1 jx'g of pKBTM) 
wete analysed teethe p-actJriig^ne 100 and Wng 
(determined by ultraviolet spect0>sqopy) pf each 
sample were amplified in triplicate, For each 
amount of pF8?M that W.« the p^c tint 

. C T values are plotted versus the total input 0NA 
concentration. 



'cteasefi with decr^smg amounts 0 ^$rrl#| ' 
^fals^^tcd;, Thfc <h$an Cj- values 4btef^d fer 
pHTM %$gure 4& werf plotted ^ 

*h®tm Figuri 4B. Quantity ^^ dfcp^^t */ 
found u> ?a£h of the four ^ 
tisrjntned by extradition to i^^Wf^'^^ 
standard cu^ ■ 
. ' yaiufcs, 2^ fer:.pF$^i ; .w^rje; ^or^kli^^^t^'..' 



ng Ot genomic DftAby usifig the equation: 



whfere 4 « actual genomic 0NA In a sample and 
b * pFSTM eopfes fr^j^i th£ standard Curve* The 



nomic DMA for each of the four trartsr^^^fe 
shr^wrl in Figure ^I?$J»^ 
quantity of factor Vltt plasmid associate^ with 
:;the:'2^1ieife; 24 hr after ti^a$f^|d^/;^.^a^s : 
with decreasing piasmid concentrajion; used in 
the 4ra?ufe^tiort THe quantity pf?pFSTfoi associ- 
ated with 293/cells, ^CterWansl^i^nV^-^jjg 



mscu^ioN 

We have described a new method for quaniUatv 
ing gene copy numbers using, real4ime analysis 
pi PGR 4i^i^n^^. # FM4tiM PGR is cornpat- 
ible With either o( the two PCR tRivjGR) ap- 
proaches: (1 ) qualitative cdrnpetitive where an 
mternal competitor for each target sequence 
used for normaiiza tiOifi (data not shown) or (2) 
quantitative comparative f^R.usirig a normaliza- 
tion gene contained within the sampie^.e^ p-ac- 
tin) or a "housekeeping^' gene for RT-PCR, If 
equal amounts of nucleic acid are analysed for 
each sample and if the amplification ef f icienty 
before qaantftative analysis is identical for e^ch 
sample, the interna! control (normalization gene 
or competitor) should give equal signals for alt 
samples. 

The real-time PCR method Offers several ad- 
vantages over the other two methods currently 
em played ($ee;t he introduction). Fir$t> the real^ 
tfme rnethbd is p^rf o rrt\e4 in £ ^sed^ube 
system and < requires no post^pCR marii^utation 



2* 




PU^^^^^.m ; . - ...tea ffalafp^i Vtll . 



•"-dr. 




crteure^ Quantitative analysis of p.F8TM in. transfected cells. (4) Amounkof 
plasmid DNA used for the tfansfectbn plotted against the mean C T value ^deter* 




of sample: Therefore, the, potential for PGR con- 
taml^tipn in the tafeojr^oxy is^^edWecause 
^^fi^f kduets eat\ be anatyz^^nd #spose<V 
of without opeiiingvthe rc^pHpn 4wbesI^5ec<>A^ 




for#cl* &r*ipl^ 

^ysterri klfows for a very- faKgfc assay dynamic 
tange j^groaehkg t^^lfQld starting tar- 



k^n|^S^r quantitative RT-PCR controls, 
^ftalysls is performed in real time during the log 
f/SHtjX j^bdu^' ac^ttiaia\t^it- Anaty$is du^ing^ 
log phase permits rna^rdiifew^t genes (oyer a - • t 
wide input target range) to be analysed simulta- 
n£ot#!y, without contfcrn ofrea^hing reaction ^ 

cause individual internal com petitory will .hot be/ 
jra&fetf gene under analysis Third> 

sarnple throughput will rnerease. dnar^atica 
with th^ new rnethod because there fe.no post- 
PGR pro<^sift£>Ume. Additionally, working in a 
Unwell format is high]y ^mp^bl^^ith autoy 

rnaripn i^h^ V/ 

ffce real-time PGR method is highly re$rp- 



mln#ibr any un*fl£^ sample: filu<d^fent 
tT\re%hetd values, cortrei^e linearly with rela- 
tive 'Dl^A' d>£y number^ Real tttnte quantitative 

iias;also beenxievefeped^ Ptnatly, real time 



litative ; 
nigh-throughput screening assays fer a vatt^ty of 

VCH, ^ene copy assayi {tim* HiV^ etc >,^geno : 
typing (knockout 

PCfR) r ; / ■ 

Reai-time PGR may also be perfof med u^ing 
intercalating dyes (Higuchi et al such as 

fetfeiilur« •'(>^AAe : : The fluorQgenit probe 

craiating dyes^re-ater speclfkity fi>., PTi^^ 
d*i^M a^c^nons^i f ic PGR pre^uefs ice nox de- 
tecteS); 
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<^i^eT00ATGGtAG€^ The reaction produced a 422- 
•^f^-5^^yTliii^af<i primer was designed ' 



duc«M 2954>pPCs product. ; ^ 

Amplification teaotftm* tf0t ,4* Stated a DNA 
sample, iO.X>*CR Buffer II 200 i^^r<itCP 

dGllV aiid 4Q0 mdtoP, imi**^^ i^^Atr^li' 
Taq OKA polymerase,; O S unit A^pfrasek^cil feW: 
cosy4ase (UNG). SOpmoleof eaehfac^ and ^5 



one of the following detection p"rfe A <M ^M^aQi)' 
Fftpf?^ 

GCCtTfTAWftAjp^' aiidftactin pf^S 
phosphoryla^ 

Reacttpr> tubes were MicroAmp Opti ca ! Tubei(par| ftunv 
WN^l^33/Perkin ^me^^twere l^ied ^r fekm 
Elmer) to prevent light from reftectihg TurM taps were 
strnH^r vto MIcroAmp Gaps bur speciajtiy aligned to pre- 
vent light scattering. AH of the PGR consumables were sup- 
p\m by PE Applied Biosystems (Foster City, CA) except 
the factor VHl primers, whfch >*er* 5yrithe>»^^t ^ehen^ 
techi the (SouttVSar) Ita^ 

using the Olfgo 4X> software, follow^ guidelines s^g- 
gested m the Model 7700 ^u-ehce tfetector Instrument 
marujar Briefly, prob? T^, - should ^e at least ^C higher 
than the annealing, temperature used during therma l cy; 

■ .probe. 

The tr^mal cycling: 0ndi^ 4t , 

5<n: and WMp at ?Sfe Thermal ^mg^ro^^ vwth ; 
40 cycles of 95X for 0.5 min and 60*C for Z mm. AH 





^P^^H ONA^mounts of 40, were 
adtfed to \$ : mi of a solution conUiMng 042«S v< CaG! 2 

-1!!*^ ce& 

wa*rlp *$tK P^^nd rej^^j^Sfej^ >pfi$ % e 
pe^de^ ce^^re ^iwded,^ 

«m^e||aie|y^g th^^ 



^^^^^^^i Oc^iiGS^roxt^fer^ 

;-"v TK^M^Jea^n <osii ;0f this arkcte were defrayed m 
.part by payme^^^ there- 
fore be hereby marked ;*^a^u>ro*^^ 

^-^C Sutton >*M;k>^ . 
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ABSTRACT Wnt family members are critical to many 
developmental processes, and components of the Wnt signal- 
ing pathway have been linked to tumorigenesis in familial add 
sporadic colon carcinomas. Here we report the identification 
of two genes, WISP-l and WISP-2, that are up-regulated in the 
mouse mammary epithelial cell line C57MG transformed by 
WnM, but not by Wnt-4. Together with a third related gene, 
WISP-3, these proteins define a subfamily of the connective 
tissue growth factor family. Two distinct systems demon- 
strated WISP induction to be associated with the expression of 
Wnt-1. These included (0 C57MG cells infected with a Wnt-1 
retroviral vector or expressing Wnt-1 under the control of a 
tetracyline repressible promoter, and («") WnM transgenic 
. mice. The WISP-1 gene was localized to human chromosome 
8q24.1-8q243. WISP-1 genomic DNA was amplified in colon 
cancer cell lines and in human colon tumors and its RNA 
overexpressed (2* to > 30-fold) in 84% of the tumors examined 
compared with . patient-matched normal mucosa. WISP-3 
mapped to chromosome 6q22-6q23 and also was overex- 
pressed (4- to >40-fpid) in 63% of the colon tumors analyzed. 
In contrast, WISP-2 mapped to human chromosome 20ql2- 
20ql3 and its DNA was amplified, but RNA expression was 
reduced (2- to >.30-fold) in 79% of the tumors. These results 
suggest that the WISP genes may be downstream of Wnt-1 
signaling and that aberrant levels aiWISP expression in eolon 
cancer may play a roie in colon tumorigenesis. . 

Wnt-1 is a member of an expanding family of cysteine-richi 
glycosylated signaling proteins that mediate diverse develop- 
mental processes such as the control of cell proliferation, 
adhesion, cell polarity, and the establishment of ceil fates (1, 
2). Wnt-1 originally was identified as an oncogene activated by 
the insertion .of mouse mammary tumor virus in virus-induced 
mammary adenocarcinomas (3; 4). Although Wnt-1 is not 
expressed in the normal mammary gland, expression of Wnt-1 
in transgenic mice causes mammary tumors (5). 

In mammalian cells, Wnt family members initiate signaling, 
by binding to the seven-transmembrane spanning" Frizzled 
receptors and recruiting the cytoplasmic protein Dishevelled 
(Dsn) to the cell membrane (1, 2, 6). Dsn then inhibits the 
kinase activity , of the normally constitutivery active glycogen 
synthase kinase-30 (GSK-30) resulting in an increase in 
prcaten in levels. Stabilized p-catenin interacts with the tran- 
scription factor TCF/Lefl, forming a complex that appears in 
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the nucleus and binds TCF/Lefl target DNA elements to 
activate transcription (7, 8). Other experiments suggest that* 
the adenomatous polyposisrcoli (APC) rumor suppressor gene 
also plays an important role in Wnt signaling by regulating 
jp-catenin levels (?). APC is phosphorylated by GSK-30, binds 
to 0-catenin, and facilitates its degradation. Mutations in 
either APC or J&catenin have been associated with colon 
carcinomas and melanomas, suggesting these mutations con- 
tribute to the development of these types of cancer, implicating 
the Wnt pathway in tumorigenesis (1). 

Although much has been learned about the Wnt signaling 
pathway over the past several years, only a few of the tran- 
scriptionally activated downstream components activated by 
Wnt have been characterized; Those that have been described 
cannot account for all of the diverse functions attributed t 
Wnt signaling. Among the candidate Wnt target genes are 
those encoding the nodal-related 3 gene, Ah/5, a member of 
the transforming growth factor (TGF)-0 superfamiry, and the 
homeobpx genes, engrailed, goosecoid, twin 0Ctwn)> and siamois 
(2). A recent report also identifies c-myc as a target gene of the 
Wnt signaling pathway (10). 

. To identify additional downstream genes in the Wnt signal- 
ing pathway that are relevant to the transformed cell pheno- 
type^ we used a PCR-based cDNA subtraction strategy, sup- 
pression subtractive hybridization (SSH) (11), using &NA 
isolated from C57MG mouse mammary epithelial cells and 
C57MG cells stably transformed by a Wnt-1 retrovirus. Oyerr 
expression of Wnt-1. in this cell line is sufficient to induce a 
partially transformed phenotype, characterized by elongated: 
and refraetile cells that lose contact inhibition and form a 
multilayered array (12, 13); We reasoned, that genes differ n- 
tially expressed between these two cell lines might contribute 
to tie transformed phenotype: 

In this paper, we describe the cloning and characterization 
of two genes up-regulated in WnM transformed cells, WISP-1 
and WISJP-2, and a third related gene, WISP-3. The WTS^ genes 
are members of the GCN family of growth factors, which 
includes connective tissue growth factor (CTGF), Cyr61, and 
nov t a family not previously linked to Wnt signaling. 

MATERIALS AND METHODS 

SSH. SSH was performed by using the PCR-Seiect cDNA 
Subtraction Kit (CLONTECH). Tester double-stranded 

Abbreviations: TGF, transfonning growth factor, CTGF, connective 
tissue growth factor; SSH, suppression subtractive hybridization; 
♦ VWC, von Willebrand factor type C module. 
Data deposition; i ne sequences reported in this paper have been 
deposited in the Genbank database (accession nos, AF10O777. 
AF100778, AF100779^ AF100780, and AF100781). 
*To whom reprint requests should be addressed, e-maifc diane@gene. 



14717 



14718 Cell Biology, Medical Sciences: Pennica e* aL 

cDNA was synthesized from 2 jig of poly(A)+ RNA isolated 
from the C57MG/ Wnt-1 cell line and driver cDNA from 2 u£ 
of poly(A)* RNA from the parent C57MG cells. The sub- 
tracted cDNA library was subcloned into a pGEM-T vector for 
further analysis. 

cDNA Library Screening. Clones encoding full-length 
mouse WISP-1 were isolated by screening a AgtlQ mouse 
embryo cDNA library (CLONTECH) with a 70rbp probe from 
the original partial clone 568 sequence corresponding to amino 
acids 128-169. Clones encoding full-length human WISP-1 
were isolated by screening XgtlO lung and fetal kidney cDNA 
libraries with the same probe at low stringency. Clones en- 
. coding full-length mouse and human WISP*>2ytete isolated by . 
screening a C57MG/Wnt-1 or human fetal lung cDNA library 
with a probe corresponding to nucleotides 1463-1512. Full- 
length cDNAs encoding WISP-3 were cloned from human 
bone marrow and fetal kidney libraries. 

Expression of Human WISP RNA. PCR amplification of 
first-strand cDN A was performed with human Multiple Tissue 
cDNA panels (CLONTECH) and 300 )iM of each dNTP at 
94°C for 1 sec, 62° C for 30 sec, 72°C for 1 min, for 22-32 cycles, 
WISP and glyceraldehyde-3-phosphate dehydrogenase primer 
sequences are available on request. 

In Situ Hybridization. 33 P-labeied sense and antisense ribo- 
probes were transcribed from an 897-bp PCR product corre- 
sponding to nucleotides 601-1440 of mouse WISP-1 or a 
294-bp PCR product corresponding to .nucleotides 82-375 of 
mouse WISP-2. All tissues were processed as described (40). 

Radiation Hybrid Mapping. Genomic DNA from each 
hybrid in the Stanford G3 and Genebridge4 Radiation Hybrid 
Panels (Research Genetics; Huntsvilie, AL) and human and 
hamster control DNAs were PCR-amplified, and the results 
were submitted to the Stanford or Massachusetts Institute of 
Technology web servers. 

Cell Lines, Tumors, and Mucosa Specimens. Tissue speci- 
mens were obtained from the Department of Pathology (Uni- 
versity of Pittsburgh) for patients undergoing colon resection 
and from the University of Leeds, United Kingdom. Genomic 
DNA was isolated (Qiagen) from the pooled blood of 10. 
normal human donors, surgical specimens, and the following 
ATCC human cell lines: SW480, COLO 320DM, HT-29, 
WiDr, and SW403 (colon adenocarcinomas), SW620 (lymph 
node metastasis, colon adenocarcinoma), HGT 116 (colon 
carcinoma), SK-COl (colon adenocarcinoma, ascites), and 
HM7 (a variant of ATCC colon adenocarcinoma cell line IS 
174T). DNA concentration was determined by using Hoechst 
dye 33258 intercalation f luorimetry. Total RNA was prepared 
by homogenizatron in 7 M GuSCN followed by centrifugation 
over OG cushions or prepared by using RNAzoI. 

Gene Amplification and RNA Expression Analysis. Relative 
gene amplification and RNA expression of WISPs and c-myc in 
the cell lines,, colorectal tumors, and normal mucosa were 
determined by quantitative PCR. Gene-specific primers and 
fluorogenic probes (sequences available on request) were 
designed and used to amplify and quantitate the genes. The 
relative gene copy number was derived by using the formula 
2<a«) where ACt represents the difference in amplification 
cycles required to detect the WISP genes in peripheral blood 
lymphocyte DNA compared with colon tumor DNA or colon 
tumor RNA compared with normal mucosal RNA. The 
d-method was used for calculation of the SE of the gene copy 
number or RNA expression level. The j^Sf-specific signal was 
normalized to that of the glyceraldehyde-3-phosphate dehy- 
drogenase housekeeping gene. All TaqMan assay reagents 
were obtained from Perkin-Elmer Applied Biosystems. 

RESULTS 

Isolation of WISP-1 and WISP-2 by SSH. To identify Wnt- 
1-inducible genes, we used the technique of SSH using the 
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mouse mammary epithelial cell line C57MG and C571viG cells 
that stably express Wnt-1 (11); Candidate differentially ex- 
pressed cDNAs (1384 total) were sequenced. Thirty-nine 
percent of the sequences matched known genes or homo 
logues, 32% matched expressed sequence tags, and 29% had 
no match. To confirm that the transcript was differentially 
expressed, semiquantitative reverse transcription-PCR and 
Northern analysis were performed by using mRNA from the 
C57MG and C57MG/Wnt-1 cells. 

Two of the cDNAs, WISP-1 and WISP-2, were differentially 
expressed, being induced in the C57MG/Wnt-1 cell line,, but 
not in the parent C57MG cells or C57MG cells overexpressing 
Wnt-4 (Fig. IA and B). Wnt-4* unlike Wnt-1, does not induce 
the morphological transformation of C57MG cells and has no 
effect on 0-catenin levels (13, 14). Expression of WISP-1 vt as 
up-regulated approximately 3-fold in the C57MG/ Wnt-1 cell 
line and WISP-2 by approximately 5-fold by both Northern 
analysis and reverse transcription-PCR. 

An independent, but similar, system was used to examine 
WISP expression after Wnt-1 induction: C57MG cells express- 
ing the Wnt-1 gene under the control of a tetracycline- 
repressible promoter produce low amounts of Wnt-1 in the 
repressed state but show a strong induction of Wnt-1 mRNA 
and protein within 24 hr after tetracycline Temoval (8). The 
levels of Wnt-1 and WISP RNA isolated from these cells at 
various times after tetracycline removal were assessed by 
quantitative PCR. Strong induction of Wht-1 mRNA was seen 
as early as 10 hr after tetracycline removal. Induction of WISP 
mRNA (2- to 6-fpld) was seen at 48 and 72 hr (data not shown). 
These data support our previous observations that show that 
WISP induction-is correlated with Wnt-1 expression. Because 
the induction is slow^ occurring after approximately 48 hr, the 
induction of WISPs may be an indirect response to Writ-1 
signaling. 

cDNA clones of human WlSP-t were isolated and the 
sequence compared with mouse WISP-1 i The cDNA sequences 
of mouse and human WISP-1 f were 1,766 and 2,830 bp m length, 
respectively, and encode proteins of 367 aa, with predicted 
relative molecular masses of ~40,000 (M T 40 K). Both have 
hydrophobic N -terminal signal sequences, 38 conserved cys- 
teine residues, and four potential N-linked glycosylation sites, 
and are 84% identical (Fig. 24). 

Full-length cDN A clones of mouse and human WISP-2 v/ re 
1,734 and 1,293 bp in length, respectively, and encode proteins 
of 251 and 250 aa, respectively, with predicted relative molec- 
ular masses of ~27,000 (M T 27 K) (Fig. IB). Mouse; and human 
WISP-2 are 73% identical. Human WISP-2 has no potential 
N-linked glycosylation sites, and mouse WISP-2 has one at 
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Fig. 1. WISP-I and WISP-2 are induced by Wnt-1, but not Wnt-4, 
expression in C57MG cells. Northern analysis of WISP-1 {A) and 
WISP-2 (B) expression in C57MG, C57MG/Wnt-1, and C57MG/ 
Wnt-4 cells. Poly(A) + RNA (2 jig) was subjected to Northern blot 
analysts and hybridized with a 70-bp mouse JW5P-J-specific probe 
(amino acids 278-300) or a 190-bp H7SP-2-specific probe (nucleotides 
1438-1627) in the 3' untranslated region. Blots were rehybridized with 
human 0-actin probe. 
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Fro. 2. Encoded amino acid sequence alignment of mouse and 
human WISP-l (A) and mouse and human JW5J»-Z(B). The potential 
signal sequence, insulin-tike growth factor-binding protein (IGF-BP), 
VWC, thrombospondin (TSP), and C-terminat (CT) domains are 
underlined. 

position 1971 WISP-2 has 28 cysteine residues that are con- 
served among the 38 cysteines found in WISP-1. 

Identification of WISP-3. To search for related proteins, we 
screened expressed sequence tag (EST) databases with the 
WISP-1 protein sequence and identified several ESTs as 
potentially related sequences. We identified a homologous 
protein that we have called WISP-3. A full-length human 
WISP-3 cDNA of 1371 bp was isolated corresponding to those 
ESTs that encode a 354-aa protein with a predicted molecular 
mass of 39,293. WISP-3 has two potential N-linked glycosyl- 
ation sites and 36 cysteine residues. An alignment of the three 
human WISP proteins shows that WISP-1 and WISP-3 are the 
; most similar (42% identity), whereas W1SP-2 has 37% identity 
with WISP-1 and 32% identity with WISP-3 (Fig, 34). 

WISPs Are Homologous to the CTGF Family of Proteins. 
Human WISP-1 , WISP-2, and WISP-3 are novel sequences; , 
however, mouse WISP-1 is the same as the recently identified 
Elml gene. Elml is expressed in low, but not high, metastatic 
mouse melanoma cells, and suppresses the in vivo growth and 
metastatic potential of K-1735 mouse melanoma cells (15). 
Human and mouse W1SP-2 are homologous to the recently 
described rat gene, rCop~l (16). Significant homology (36- 
44%) was seen to the CCN family of growth factors. This family 
includes three members, CTGF, Cyr61, and the protoonco- 
gene nov. CTGF is a chemotactic and mitogenic factor for 
fibroblasts that is implicated in wound healing and fibrotic 
disorders and is induced by TGF-0 (17). Cyr61 is an extracel- 
lular matrix signaling molecule that promotes cell adhesion* 
proliferation, migration, angiogenesis, and tumor growth (18, 
19). nov (nephroblastoma overexpressed) is an immediate 
early gene associated with quiescence and found altered in 
Wilms tumors (20). The proteins of the CCN family share 
functional, but not sequence, . similarity to Wnt-1. AH are 
secreted, cysteine-rich heparin binding glycoproteins that as- 
sociate with the cell surface and extracellular matrix. 

WISP proteins exhibit the modular architecture of the CCN 
family, characterized by four conserved cysteine-rich domains 
(Fig. 3B) (21). The N-terminal domain, which includes the first 
12 cysteine residues, contains a consensus sequence (GCGC- 
CXXC) conserved in most insulin-like growth factor (IGF)- 
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- Fig. 3. (A) Encoded amino acid sequence alignment of human 
WISPs. The cysteine residues of WISP-1 and WISP-2 that are not 
. present in WISP-3 arc indicated with a dot [B) Schematic represen- 
tation of the WISP proteins showing the domain structure and cysteine 
• residues (vertical lines). The four cysteine residues in the VWC domain 
that are absent in WISP-3 are indicated with a dot. {C) Expression of. 
WISP mRNA in human tissues. PCR was performed on human 
multiple-tissue cDNA panels (CLONTECH) from the indicated adult 
and fetal tissues. 

binding proteins (BP). This sequence is conserved in WISP*2 
and WISP-3, whereas WISP-1 has a glutamine in the third 
position instead of a glycine. CTGF recently has been shown 
to specifically bind IGF (22) and a truncated nov protein 
lacking the 1GF-BP domain is oncogenic (23). The von Wil- 
lebrand factor type C module (VWC), also found in certain 
collagens and mucins, covers the next 10 cysteine residues, and 
is thought to participate in protein complex formation and 
oligomerization (24). The VWC domain of WlSP^S differs 
from all CCN family members described previously, in that it 
contains only six of the 10 cysteine residues (Fig. 3 A and B). 
A short variable region follows the VWC domain. The third 
module, the thrombospondin (TSP) domain is involved ,in 
binding to sulfated glycoconjugates and contains six cysteine 
residues and a conserved WSxCSxxCG motif first identified in 
thrombospondin (25). The C-terminal (CT) module contain- 
ing the remaining 10 cysteines is thought to be involved in 
dimerization and receptor binding (26). The CT domain is 
present in all CCN family members described to date but is 
absent in WISP-2 (Fig. 3 A and B). The existence of a putative 
signal sequence and the absence of a transmembrane domain 
suggest that WISPs are secreted proteins, an observation 
supported by an analysis of their expression and secretion from 
mammalian cell and baculovirus cultures (data not shown). 

Expression of WISP mRNA in Human Tissues. Tissue- 
specific expression of human WISPs was characterized by PCR 
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analysis on adult and fetal multiple tissue cDNA panels. 
WISP-1 expression was seen in the adult heart, kidney, lung, 
pancreas, placenta, ovary, small intestine, and spleen (Fig. 3C). 
Little or no expression was detected in the brain, liver, skeletal 
muscle, colon, peripheral blood leukocytes, prostate, testis, or 
thymus. WISP-2 had a more restricted tissue expression and 
was detected in adult skeletal muscle, colon, ovary, and fetal 
lung. Predominant expression of WISPS was seen in adult 
kidney and testis and fetal kidney. Lower levels of WISPS 
expression were detected in placenta, ovary, prostate, and 
small intestine. 

lit Situ Localization of WISP-1 and WISP-2. Expression of 
WISP- 1 and WISP-2 was assessed by in situ hybridization in 
mammary tumors from Wnt-1 transgenic mice. Strong expres- 
sion of WISP-1 was observed in stromal fibroblasts lying within 
the fibrovascular tumor stroma (Fig. 4 A-D). However, low- 
level WISP-1 expression also was observed focally within tumor 
cells (data not shown). No expression was observed in normal 
breast. Like WISP-1, WISP-2 expression also was seen in the 
tumor stroma in breast tumors from Wnt-1 transgenic animals 
'(Fig. 4 E-H)\ However, WISP-2 expression in the stroma was 
in spindle-shaped cells adjacent to capillary vessels, whereas 




Fig. 4. (A, C, E, and G) Representative hematoxylin/eosin-staihed 
images from breast tumors in Wnt-1 transgenic mice. The correspond- 
ing dark-field images showing WISP-1 expression are shown in B and 
D. The tumor is a moderately well-differentiated adenocarcinoma 
showing evidence of adenoid cystic change. At low power (A and B)> 
expression of WISP1 is seen in the delicate branching fibrovascular 
tumor stroma (arrowhead). At higher magnification, expression is seen 
in the stromal(s) fibroblasts (C and D) t and tumor ceils are negative. 
Focal expression of WI$P-I\ however, was observed in tumor cells in 
some areas. Images of WISP-2 expression are shown in E-H. At low 
power {E and F), expression of WISP-2 is seen in cells lying within the 
fibrovascular tumor ; stroma. At higher magnification, these cells 
appeared to be adjacent to capillary vessels whereas tumor cells are 
negative (G and Hy 
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the predominant cell type expressing WISP-I was the stromal 
fibroblasts. 

Chromosome Localization of the WISP Genes. The chro- 
mosomal location of the human MSP genes was determined 
by radiation hybrid mapping panels. WISP-I is approximately 
• 3.48 cR from the meiotic marker AFM259xc5 [logarithm of 
odds (lod) score 16.31] on chromosome 8q24.1 to 8q243, in the 
same region as the human locus of the niovH family member 
(27) and roughly 4 Mbs distal to e-rtryc (28). Preliminary fine 
mapping indicates that WISP-1 is located near D8S1712 STS. 
WISP-2 is linked to the marker SHGC-33922 (lod > 1,000) on 
chromosome 20ql2-20ql3.1. Human WISPS mapped to chro- 
mosome 6q22-6q23 and is linked to the marker AFM211ze5 
(lod = 1,000). WISPS is approximately 18 Mbs proximal to 
CTGF and 23 Mbs proximal to the human cellular oncogene 
MYB(27,29). 

Amplification and Aberrant Expression of WISPs in Human 
Colon Tumors. Amplification of protooncogenes is seen in 
many human tumors and has etiological and prognostic sig^ 
nificance. For example, in a variety of tumor types, c-myc 
amplification has been associated with malignant progression 
and poor prognosis (30). Because WISP-1 resides in the same 
general chromosomal location (8q24) as c*myc r we asked 
whether it was a target of gene amplification, and, if so; 
whether this amplification was independent of the c-myc locus. 
Genomic DN A from human colon cancer cell lines was 
assessed by quantitative PCR and Southern blot analysis. (Fig. 
5 A and B) . Both methods detected similar degrees of WISP-1 
amplification. Most cell lines showed significant (2- to 4-fold) 
amplification, with the HT-2° and WiDr cell lines demonstrat- 
ing an 8-fold increase. Significantly, the pattern of amplifica- 
tion observed did not correlate with that observed for c-myc, 
indicating that the c-myc gene is not part of the amplicon that 
involves the WISP-I locus. 

We next examined whether the WISP genes were amplified 
in a panel of 25 primary human colon adenocarcinomas. The 
relative WISP gene, copy number in each colon tumor DNA 
was compared with pooled. normal DNA from 10 donors by 
quantitative PCR (Fig. 6). The copy number of WISP-I and 
WISP-2 was significantly greater than one, approximately 
2-fold for WISP-1 in about 60% of the tumors and 2- to 4-fold 
for WISP-2 in 92% of the tumors (P < 0.001 for each). The 
copy number for WISPS was indistinguishable from one (P = 
0.166), In addition, the copy number of WISP-2 was signifi- 
cantly higher than that of WISP-I (P < 0,001). 

The levels of WISP transcripts in RN A isolated from 19 
adenocarcinomas and their matched normal mucosa were 




Fig. 5. Amplification of WISP-I genomic DNAiin colon cancer cell 
lines. (A) Amplification in cell line DNA was determined by quanti- 
tative PCR. (5) Souihern blots containing genomic DNA (10 /±g) 
digested with EcoKl (WISP-1) otXbal (c-myc)were hybridized with 
a 100-bp human WISP-I probe (amino acids 186-219) or a human 
c-myc probe (located at bp 1901-2000). The WISP and myc genes are 
detected in normal human genomic DNA after a longer film exposure. 
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Fig. 6. Genomic amplification of WISP genes in human colon 
tumors. The relative gene copy number of the WISP genes in 25 
adenocarcinomas was assayed by quantitative PCR, by comparing 
DNA from primary human tumors with pooled DNA from 10 healthy 
donors. The data are means ± SEM from one experiment done in 
triplicate. The experiment was repeated at least three times. 

assessed by quantitative PCR (Fig. 7). the level of WISP- 1 
RNA present in tumor tissue varied but was significantly 
increased (2- to >25-fold) in 84% (X6/19) of the human colon 
tumors examined compared with normal adjacent mucosa. 
Four of 19 tumors showed greater than 10-fold overexpression. 
In contrast* in 79% (15/1?) of the tumors examined, WISP-2 
RNA expression was significantly lower in the tumor than the 
mucosa. Similar to WISP-1, WISP-3 RNA was overexpressed in 
63% (12/19) of the colon tumors compared with the normal 
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FiG. 7. WISP RNA expression in primary human colon, tumors 
relative to expression in normal mucosa from the same patient 
Expression of WtSP mRNA in 19 adenocarcinomas was assayed by 
quantitative PCR. The Dukes stage of the tumor is listed under the 
sample number. The data are means ±, SEM from one experiment 
done in triplicate. The experiment was repeated at least twice. 



mucosa. The amount of overexpression of WISP-3 ranged f rottr 
4- to >40-fold. 



DISCUSSION 

One approach to understanding the molecular basis of cancer 
is to identify differences in gene expression between cancer 
cells and normal cells. Strategies based on assumptions that 
steady-state mRNA levels will differ between normal and ^ 
malignant cells have been used to clone differentially ex- 
pressed genes (31)* We have used a PCR-based selection 
strategy, SSH, to identify genes selectively expressed in 
C57MG mouse mammary epithelial cells transformed by 
Wnt-1. 

Three of the genes isolated, WISP-l r WISP-2, and WISP-3, 
are members of the CCN family of growth factors, which 
includes CTGF, Cyrol, and nov t a family not previously linked 
to Wnt signaling. 

Two independent experimental systems demonstrated that 
WISP induction was associated with the expression of Wnt-1. 
The first was C57MG cells infected with a Wnt-1 retroviral 
vector or C57MG cells expressing Wnt-1 under the control of 
a tetracylme-repressible promoter, and the second was in 
Wnt-1 transgenic mice, where breast tissue expresses Wnt-1, 
whereas normal breast tissue does not No WISP RNA expres- 
sion was detected in mammary tumors induced by polyoma 
virus middle T antigen (date not shown). These data suggest 
a link between Wnt-1 and WISEs in that in these two situations, 
WISP induction was correlated with Wnt-1 expression. 

It is not clear whether the WISPs are directly or indirectly 
induced by the downstream components of the Wnt-1 signaling 
pathway (i.e., ^atenin-TCF-l/Lefl). The increased levels of 
WISP RNA were measured in Wnt-i-transformed ceils/hours 
or days after Wnt-1 transformation. Thus, WISP expression 
could result from Wnt-1 signaling directly through 0-catenin 
transcription factor regulation or alternatively through Wnt-1 
signaling turning on a transcription factor, which in turn " 
regulates WISPs. 

The WISPs define an additional subfamily of the CCN family 
of growth factors. One striking difference observed in the 
protein sequence of WISP-2 is the absence of a CT domain, 
which is present in CTGF, Cyr61, rwv, WISP-1, and WISP-3. 
This domain is thought to be involved in receptor binding and 
dimerization. Growth factors, such as TGF-0, platelet-derived 
growth factor, and nerve growth factor, which contain a cystine 
knot motif exist as dimers (32). It is tempting to speculate that 
WISP-1 and WISP-3 may exist as dimers, whereas WISP-2 
exists as a monomer. If the CT domain is also important for 
receptor binding, WISP-2 may bind its receptor through a 
different region^ of the molecule than the other CCN family 
members. No specific receptors have been identified for CTGF 
or nov. A recent report has shown that integrin avfo serves as 
an adhesion receptor for Cyr61 (33), 

The strong expression of WISP-1 and WISP-2 in cells lying 
within the fibrovascular tumor stroma in breast tumors from 
Wnt-1 transgenic animals is consistent with previous obser- 
vations that transcripts for the related CTGF gene are pri- 
marily expressed in the fibrous stroma of mammary tumors 
(34). Epithelial cells are thought to control the proliferation of 
connective tissue stroma in mammary tumors by a cascade of 
growth factor signals similar to that controlling connective 
tissue formation during wound repair. It has been proposed 
that mammary tumor cells or inflammatory cells at the tumor 
interstitial interface secrete TGF-/31, which is the stimulus for 
stromal proliferation (34). TGF-01 is secreted by a large 
percentage of malignant breast tumors and may be one of the 
growth factors that stimulates the production of CTGF and 
WISPs in the stroma. 

It was of interest that WISP-1 and WISP-2 expression was 
observed in the stromal cells that surrounded the tumor cells 
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(epithelial cells) in the Wm-1 transgenic mouse sections of 
breast tissue. This finding suggests that paracrine signaling 
could occur in which the stromal cells could supply WISP-1 and 
WISP-2 to regulate tumor cell growth on the WISP extracel- 
lular matrix. Stromal cell-derived factors in the extracellular 
matrix: have been postulated to play a role in tumor cell 
migration and proliferation (35). The localization of WISP-I 
and WISP-2 in the stromal cells of breast tumors supports this 
paracrine model 

An analysis of WISP-1 gene amplification and expression in 
human colon tumors showed a correlation between DNA 
amplification and overexpression, whereas overexpression of 
WISP-3 RNA was seen in the absence of DNA amplification. 
In contrast, WISP-2 DNA was amplified in the colon tumors, " 
but its mRNA expression was significantly reduced in the 
majority of tumors compared with the expression in normal 
colonic mucosa from the same patient. The gene for human 
WISP-2 was localized to chromosome 20ql2-20ql3, at a region 
frequently amplified and associated with poor prognosis in 
node negative breast cancer and many colon cancers, suggest- 
ing the existence of one or more oncogenes at this locus 
(36-38). Because the center of the 20ql3 arrtplicon has not yet 
been identified, it is possible that the apparent amplification 
observed for WISP-2 may be caused by another gene in this 
amplicon. 

A recent manuscript on rCop-1, the rat orthologue of 
WISP-2, describes the loss of expression of this gene after cell 
transformation, suggesting it may be a negative regulator of 
growth in cell lines (16). Although the mechanism by which 
WTSP-2 RNA expression is down-regulated during malignant 
transformation is unknown, the reduced expression of WISP-2 
in colon tumors and cell lines suggests that it may function as 
a tumor suppressor. These results show that the WISP genes 
are aberrantly expressed in colon cancer and suggest that their 
altered expression may confer selective growth advantage to 
the tumor. u 

Members of the Wnt signaling pathway have been impli- 
cated in the pathogenesis of colon cancer, breast cancer, and 
melanoma, including the tumor suppressor gene adenomatous 
polyposis coli and 3-catenin (39). Mutations in specific regions 
of either gene can cause the stabilization and accumulation of 
cytoplasmic /J-catenin, which presumably contributes, to. hu- 
man carcinogenesis through the activation of target genes such 
. as the WISPs. Although the mechanism by which Wnt-1 
transforms cells and induces tumorigenesis is unknown, the 
identification of WISPs as genes that may be regulated down- 
stream of Wnt-1 m C57MG cells suggests they could be 
important mediators of Wnt-1 transformation. The amplifica- 
tion and altered expression patterns of the WISPs in human 
colon tumors may indicate an important role, for these genes 
in tumor development. 
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methods Peptides AENK or AEQK were dissolved in water, made isotonic with 
NaQ and diluted into RPMI growth medium. T-cell-proliferation assays were 
done essentially as described 20,21 . Briefly, after antigen pulsing (SOu-gmT 1 . 
TTCF) with tetrapeptides (l-2mgmT'), PBMCs or EBV-B ceils were 
washed in PBS and fixed for 45 s in 0.05% glutaraldehyde. Glycine was added 
to a final concentration of 0.1M and the cells were washed five times in RPMI 
1640 medium containing 1% FCS before co-culture with Trcell clones in 
round-bottom 96-well microtitre plates. After 48 h, the cultures were pulsed 
with 1 u,Ci of ^-thymidine and harvested for scintillation counting 16 h later. 
Predlgestion of native TTCF was done by incubating 200 *tg TTCF with 0.25 jAg 
pig kidney legumain in 500 ul 50 mM citrate buffer, pH 5,5, for t h at 37 °C. 
Glycopeptlde digestions. The peptides HIDNEEDI, HIDN(N-glucosamine) 
EED1 and HIDNESD1, which are. based on the TTCF sequence, and 
QQQHLFGSNVTDCSGNFCLFR(KKIC), which is.basedon human transferrin, 
were obtained by custom synthesis* The three C-terrninal lysine residues were 
added to the natural sequence to aid solubility. The transferrin glycopeptide 
QQQHLFGSNVTDCSGNFCLFR was prepared by tryptic (Promega) digestion, 
of 5 mg reduced, carboxy-methylated human transferrin followed by 
concana valin A chroma tograpfiy ll ..G]ycopeptides corresponding to residues 
622-642 and 421-452 were isolated by reverse-phase HPLC and identified by 
mass spectrometry and N-tennihal sequencing. The lyophilized transferrin- 
derived peptides were redissorved in 50 mM sodium acetate, pH 5.5, 10 mM 
dithiothreitol, 20% methanoL Digestions were performed for 3 h at 30 °C with 
5-50 mUmT* pig kidney legumain or B-cefl AEP. Products were analysed by 
HPLC or MALDI-TOF mass spectrometry using a matrix of lO.mgmT 1 ot- 
cyanocinnamic add in 50% acetonitrile/0.1 % TFA and a PfarSeptive Biosystems 
Elite STR mass spectrometer set to linear or reflector mode. Internal standar- 
dization was obtained with a matrix ton of 568.13 mass units. 
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Fas ligand (FasL) is produced by activated T cells and natural 
killer cells and it induces apoptosis (programmed cell death) in 
target cells through the death receptor Fas/Apol/CD95 (ref. 1). 
One important role of FasL and Fas is to mediate immune- 
cytotoxic killing of cells that are potentially harmful to the 
organism, such as virus-infected or tumour cells 1 . Here we 
report the discovery of a soluble decoy receptor, termed decoy 
receptor 3 (DcR3), that binds to FasL and inhibits FasL-induced 
apoptosis. The DcR3 gene was amplified in about half of 35 
primary lung and colon tumours studied, and DcR3 messenger 
RNA was expressed in malignant tissue. Thus, certain tumours 
may escape FasL-dependent Inunune-cytotoxic attack by expres- 
sing a decoy receptor that blocks FasL. 

By searching expressed sequence tag (EST) databases, we identi- 
fied a set of related BSTs that showed homology to the rumour 
necrosis factor (TNF) receptor (TNFR) gene superfamily 2 . Using 
the overlapping sequence, we isolated a previously unknown fulU 
length complementary DNA from human fetal lung. We named the 
protein encoded by this cDNA decoy receptor 3 (J?cR3). The cDNA 
encodes a 300-amino-acid polypeptide that resembles members of 
the TNFR family (Fig. la): the amino terminus contains a leader 
sequence, which is followed by four tandem cysteine-rich domains 
(CRTJs) . Like one other TNFR homologue, osteoprotegerin (OPG) 5 , 
DcR3 lacks an apparent transmembrane sequence, which indicates 
that it may be a secreted, rather than a membrane-asscociated, 
molecule. We expressed a recombinant, Wstidine-tagged form of 
t>cR3 in marnmaiian cells; DcR3 was secreted into the cell culture 
medium, arid migrated on polyacrylamide gels as a protein of 
relative molecular mass 35,000 (data not shown), PcR3 shares 
sequence identity in particular with OPG (31%) and TNFR2 
(29%), and has relatively less homology with Fas (17%). All of 
the cysteines in the four CRDs of DcR3 and OPG are conserved; 
however, the carboxy-terminal portion of DcR3 is 101 residues 
shorter. 

We analysed expression of DcR3 mRNA in human tissues by 
northern blotting (Fig. lb). We detected a predominant 1.2-kilobase 
transcript in fetal lung, brain, and liver, and in adult spleen, colon 
and lung; In addition, we observed relatively high DcR3 mRNA 
expression in the human colon carcinoma cell line SW480. 

To investigate potential ligand interactions of DcR3, we generated 
a recombinant, Fc-tagged DcR3 protein. We tested binding of 
DcR3-Fc to human 293 cells transfected with individual TNF- 
family iigands, which are expressed as type 2 transmembrane 
proteins (these transmembrane proteins have their N termini in 
the cytosol). DcR3-Fc showed a significant increase in binding to 
cells transfected with FasL 4 (Fig. 2a), but not to cells transfected with 
TNF 5 , Apo2UTRAIL 6 * 7 , Apo3iyi^rEAK w ,. or OPGL/TRANCE/ 
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HANKL 1 *' 12 (data not shown). DcR3-Fc inmiunopTecipitated shed 
JasL from FasL-transfected 293 cells (Fig. 2b) and purified soluble 
PasL (Fig. 2c), as did the Fc-tagged ectodomain of Fas but not 
TNFRlv<kI-filtration chromatography showed that DcR3-Fc and 
soluble Fast formed a stable complex (Fig. 2d). Equilibrium 
analysis indicated that DcR3-Fc and Fas-Fc bound to soluble 
PasL with a comparable affinity {K d = 0,8 ± 0.2 and 
l.l± 0.1nM, respectively; Fig. 2e), and that DcR3-Fc could 
block nearly all of the binding of soluble FasL to Fas-Fc (Fig. 2e, , 
inset). Thus, DcR3 competes with Fas for binding to FasL. 

To determine whether binding of DcR3 inhibits FasL activity, we 
tested the effect of DcR3-Fc on apoptosis induction by soluble 
FasL in Jurkat T leukaemia cells, which express Fas. (Fig. 3a). DcR3- 
Fc and Fas-Fc blocked soluble-FasL-induced apoptosis in a 
similar dose-dependent manner, with half-maximal inhibition at 
■~0'.i ngmT*. Time-course analysis showed that the inhibition did 
not merely delay cell death, but rather persisted for at least 24 hours 
(Fig. 3b). We also tested the effect of DcR3^Fc on activation- 
induced cell death (AICD) of mature T lymphocytes, a FasL- 
dependent process 1 . Consistent with previous results", activation 
of interleukin-2-stimulated CD4-positive T cells with anti-CD3 
antibody increased the level of apoptosis twofold, and Fas-Fc 
blocked this effect substantially (Fig. 3c); DcR3-Fc blocked the 
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induction of apoptosis to a similar extent. Thus* DcR3 binding 
blocks apoptosis induction by FasL 

FasL-induced apoptosis is important in elimination of virus- 
infected cells and cancer cells by natural killer cells and cytotoxic T 
lymphocytes; an alternative mechanism involves perforin and 
granzymes ,,u ~ 16 . Peripheral blood natural killer cells triggered 
marked cell death in Jurkat T leukaemia cells (Fig. 3d); DcR3-Fc : 
and Fas-Fc each reduced killing of target cells from —65% to 
—30%, with half-maximal inhibition at M u*gmT l ; the residual 
killing was probably mediated by the perforin/granzyme pathway. 
Thus, DcR3 binding blocks FasL-dependent natural killer cell 
activity. Higher DcR3-Fc and Fas-Fc concentrations were required 
to block natural killer cell activity compared with those required to 
block soluble FasL activity, which is consistent with the greater 
potency Of membrane-associated FasL compared with soluble 
FasL t7 . .■ ■• ' ■ 

Given the role of immune-cytotoxic cells in eUmination of 
tumour cells and the fact that DcR3 can act as an inhibitor of 
FasL, we proposed that DcR3 expression might contribute to the 
ability of some tumours to escape immune-cytotoxic attack. As 
genomic amplification frequently contributes to tumarigenesis* we 
investigated whether the DcR3 gene is amplified in cancer* We 
analysed DcR3 gene-copy number by quantitative polymerase chain 
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Figure 1 Primary structure and expression of human DcR3. a, Alignment of the 
arnino-acld sequences of DcR3 and of osteoproteaerin(OPG);the Oterminal 101 
residues of OPG are not shown. The putative signal cleavage site (arrow), the 
cysteine-rich domains (CRD 1 -4), and the AMinked glycosylation site (asterisk; ere 
shown, b, Expression of OcR3 mRNA. Morthem hybridization analysis was done 
using the OcR3 cONA as a probe and blots of polyfAf RNA (Clontech) from 
human fetal and adult tissues or cancer ceil lines. PBU peripheral blood 
lymphocyte. 



Figure 2 Interaction of OcR3 with FasL a, 293 cells were transfected with pRK5 
vector (top) or with pRK5 encoding fulHength FasL (bottom), incubated with 
DcRS'Fc (solid line» shaded area), TNFRl-Fc (dotted line) or buffer control 
(dashed line) (the dashed and dotted tines overlap), and analysed for binding by 
FACS; Statistical analysis showed a Significant difference (P < 0O01 ) between the 
binding of DcR3rFc to cells transfected with FasL or pRK5. PE, phyGOerythrirv 
labelled cells, b, 293 cells were transfected as- in a and metaboiically labelled, and 
ceH supematants were immunoprecipjtateo with Fc-rtaggedTNFRl, DcR3 or Fas. 
c Purified soluble FasL (sFasL) was immunopreclpftated with TNFR1 -Fc, OcR3- 
Fc or Fas-Fc and visualized by immunoblot with anti-FasL antibody. sFasL was. 
loaded difectt/ ta comparison in the right-hand lane. d : Rag-tagged sFasL was 
incubated with DcR3-Fc or with buffer and resolved by gel filtration; column 
fractions were analysed in an assay that detects complexes containing DcR3-Fc 
and sFasL-Rag. e, Equilibrium binding of DcR3-Fc or Fas-Fc to sFasL-Rag; 
Inset competition of DcR3-Fc with Fas-Fc for binding to sFasLTFlag: 
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reaction (PCR) 11 in genomic DNA from 35 primary lung and colon 
tumours, relative to pooled genomic DNA from peripheral blood 
reukocytes (PBLs) of 10 healthy donors. Eight of 18 lung tumours 
and 9 of 17 colon tumours showed DcR3 gene amplification, 
ranging from 2- to 18-fold (Fig. 4a, b). To confirm this result, we 
analysed the colon tumour DNAs with three more, independent sets 
of DcR3-based; PCR primers and probes; we observed nearly the 
same amplification (data not shown). 

We then analysed DcR3 mRNA expression in primary tumour 
tissue sections by in situ hybridization. We detected DcR3 expres- 
sion in 6 out of 15 lung tumours, 2 out of 2 colon tumours, 2 out of 5 
breast tumours, and 1 out of 1 gastric tumour (data not shown). A 
section through a squamous-ceU carcinoma of the lung is shown in 
Fig. 4c DcR3 mRNA was localized to infiltrating malignant epithe- 
lium, but was essentially absent from adjacent stroma, indicating 
tumour-specific expression. Although the individual tumour speci- 
mens that we analysed for mRNA expression and gene amplification 
were different, the in situ hybridization results are consistent with 
the finding that the DcR3 gene is amplified frequently in tumours. 
SW480 colon carcinoma cells, which showed abundant DcR3 
mRNA expression (Fig. lb), also had marked DcR3 gene amplifica- 
tion, as shown by quantitative PGR (fourfold) and by Southern blot 
hybridization (fivefold) (data not shown). 

. If DcR3 amplification in cancer is functionally relevant, then 
DcB3 should be amplified more than neighbouring genomic 
regions that are not important for tumour survival. To test this, 



we mapped the human DcR3 gene by radiation-hybrid analysis; 
DcR5 showed linkage to marker AFM218xe7 (T160), which maps to 
chromosome position 20ql3. Next, we isolated from a bacterial 
artificial chromosome (BAC) library a human genomic done that 
carries DcR3, and sequenced the ends of the clone's insert We then 
determined, from the nine colon tumours that showed twofold or 
greater amplification of DcR3, the copy number of the DcR3- 
flanking sequences (reverse and forward) from the BAC, and of 
seven genomic markers that span chromosome 20 (Fig. 4d). The 
DcR3-linked reverse marker showed an average amplification of 
roughly threefold, slightly less than the approximately fourfold 
amplification of DcR3; the other markers showed little or no 
amplification. These data indicate that DcR3 may be at the Epi- 
centre' of a distal chromosome 20 region that is amplified in colon 
cancer, consistent with the possibility that DcR3 amplification 
promotes tumour survival. 

Our results show that DcR3 binds specifically to FasL and inhibits 
FasL activity. We did not detect DcR3 binding to several other TNF- 
ligand-famHy members; however, this does not rule out the possi- 
bility that DcR3 interacts with other ligands, as do some other 
TNFR family members, including OPG 2 * 19 . 

FasL is important in regulating the immune response; however, 
little is known about how FasL function is controlled. One mechan- 
ism involves the molecule cFUP, which modulates apoptosis signal- 
ling downstream of Fas 20 . A second mechanism involves proteolytic 
shedding of FasL from the cell surface 17 . DcR3 competes with Fas for 
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Figure 3 Inhibition of FasL activity by DcR3. a. Human Jurkat T leukaemia cells 
were incubated with Rag-tagged soluble FasL (sFast; Sngmr 1 ) oligomerized 
with snthRag antibody (0.1 ttg rnf 1 ) in the presence of the proposed inhibitors 
DcR3-Fc, Fas-Fc or human IgGl and: assayed for apoptosis (mean ± s.e.m. of 
triplicates), b, Jurkat cells were incubated with sFasL-flag plus anti-Flag antibody 
as in a, in presence of 1 ilq ml* 1 DcR3-Fc (filled circles), Fas-Fc (open circles) or 
human IgGl (triangles), and apoptosis was determined at the indicated time 
points, c, Peripheral blood T cells were stimulated witt) PHA and intefleukin-2. 
followed by control (white bars) or anti-CD3 antibody (filled bars), together with 
phosph8te-buffered saline (PBS), human IgGl. Fas-Fc. or DcR3-Fc (10|ig mr*). 
After .16 h. apoptosis of CD4* cells was determined (mean ± s.e.m. of results from 
five donors). d; Peripheral blood natural killer cells were incubated with. 5, 0 
labelled Jurkat cells in the presence of DcR3-Fc (filled circles). Fas-Fc (open 
circles) or human IgGl (triangles), and target-cell death was determined by 
release of 61 Cr (mean ± s.d. for two donors, each in triplicate). 




Rgure 4GenomiC amplification of DcR3 in tumours, a. Lung cancers, comprising 
eight adenocarcinomas (c. d, f, g, h, j, k, r). seven squarnous-cell carcinomas (a, e, 
m, ri, o, p. q), one non-small-cell carcinoma (b), one smalk:ell carcinoma (I), and 
one bronchial adenocarcinoma (l). The data are means ± s.d. of 2 experiments 
done in duplicate, b, Colon tumours, comprising 17 adenocarcinomas. Data are 
means ± s.e.m. of five experiments done in duplicated c. in situ hybridization 
analysis of DcR3 rnRNA expression in a squamous-cell carcinoma of the lung. A 
representative bright-field image (teft) and the corresponding dark-field image 
(right) show DcR3 mRNA oyer infiltrating malignant epithelium (arrowheads). 
Adjacent non-malignant stroma (S), blood vessel (V) and necrotic tumour tissue 
(N) are also shown, d. Average amplification of DcR3 compared with amplifica- 
tion of neighbouring genomic regions (reverse and forward. Rev andFwd), the 
QcR3-linked marker T160. and. other chromosome-20 markers, in the nine colon 
tumours showing DcR3 amplification of twofold or more (b). Data are from two 
experiments done in duplicate. Asterisk indicates P < 0.0.1 for a Students ttest 
comparing each marker with QcR3. 
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FasL binding; hence, it may represent a third mechanism of 
extracellular regulation of FasL activity. A decoy receptor, that 
modulates the function of the cytokine interleukin-1 has been 
described 21 . In addition, two decoy receptors that belong to the 
TMFR family, Dcfil and DcR2» regulate the FasL-related apoptosis- 
inducing molecule ApctfL 22 . Unlike DcRl and DcR2, which are 
membrane-associated proteins, DcR3 is directly secreted into the 
extracellular space. One other secreted TNFR-fomily member is 
OPG 3 , which shares greater sequence homology with DcR3 (31%) 
than do DcRl (17%) or DcR2 (19%); OPG functions as a third 
decoy for Apo2L 19 . Thus, DcR3 and OPG define a new subset of 
TMFR-femily members that function as secreted decoys to mod- 
ulate ligands that induce apoptosis. Pox viruses produce soluble 
TNFR homologues that neutralize specific TNF-family ligands, 
thereby modulating the antiviral immune response 2 . Our results 
indicate that a similar mechanism, namely production of a soluble 
decoy receptor for FasL, may contribute to immune evasion by 
certain tumours. □ 



Methods 

Isolation of DcR3 cDNA. Several overlapping ESTs in GenBank (accession 
numbers AA025672, AA025673 and W67560) and in Lifeseq™ (Incyte 
Pharmaceuticals; accession numbers 1339238, 1533571, 1533650, 1542861, 
1789372 and 2207027) showed similarity to members of the TNFR fcrntfy. We 
saeened human cDNA libraries by PCR with primers based on the region of 
EST consensus; fetal lung was positive for a product of the expected size. By 
hybridization to a PCR-generated probe based on the ESTs, one positive clone 
(DNA30942) was identified. When searching for potential alternatively spliced 
forms of DcR3 that might encode a transmembrane protein, we isolated 50 
more clones; the coding regions of these clones were identical in size to that of 
the uiitial clone (data not shown). ./ ; \ 

Fc-fuslon proteins (immunoadhesins). The entire DcR3 sequence, or the 
ectodomain of Fas or TNFR] , was fused to the hinge. and Fc region of human 
lgGl, expressed in insect. SF9 cells or in human' 293 cells, and purified as 
described 23 . / - ' .- " V'. •/ .'.'\ 

Fluorescence-activated cell sorting (FACS) analysts. We transfected '293 • 
cells using cakium phosphate or EfFectene (Qiagen) with pRK5 vector or pRK5 
encoding full-length human Fast 4 (2 jig), together with pRK5 encoding CnnA 
(2p,g) to prevent cell death. After 16 h, the cells were incubated with 
biorinylated DcR3-rFc or TNFRl-Fc and then with phycoerythrin -conjugated 
streptavidin (GibcoBRL) , and were assayed by FACS. The data were analysed by 
Kolmogo rov-5 mirnoy statistical analysis. There was some detectable staining 
of vectorrtransfected cells by DcR3-Fc; as these cells express little FasL (data 
not shown), tit is possible that DcR3 recognized some other factor that is 
expressed constitutivery on 293 cells. 

Immunoprecipitation. Human 293 cells were transfected as above, and 
metabolically labelled with ( 35 S)cysteine and [^methionine (0.5 mCi; 
Amersham). After 16 h of culture in the presence of z-VAD-tmk (IOjiM), 
the medium was imraunopreripitated with DcR3~Fe, Fas-Fc or TNFRl-Fc 
(5>ig), followed by protein A-Sepharose (Repligen). The precipitates were 
resolved by SDS-PAGE and visualized on a phosphorimager (Fuji BAS2000). 
Alternatively, purified. Flag-tagged soluble FasL (1 |xg) (Alexis) was incubated 
with each Fc-fusion protein (1 u>g); precipitated with protein A-Sepharose, 
resolved by SDS-PAGE and visualized by immunoblorting with rabbit antiv 
FasL antibody (Oncogene Research). 

Analysis of complex formation. Flag-tagged soluble FasL (25 p.g) was 
incubated with buffer or with DcR3-Fc (40 p.g) for 13 h at 24 °C. The reaction 
was loaded onto a Superdex 200 HR 10/30 column (Pharmacia) and developed 
with PBS; 0.6-ml fractions were collected. The presence of DcR3-Fc-FasL 
complex in each fraction was analysed by placing 100 uJ aliquots into microtitre 
wells precoated with anti-human IgG (Boehringer). to capture DcR3-Fc, 
followed by detection with biotinylated anti-Flag antibody Bio M 2 (Kodak) and 
streptavidin-horseradish peroxidase (Amersham). Calibration of the column 
indicated an apparent relative-molecular mass of the complex of 420K (data not 
shown), which is consistent with a stoichiometry of two DcR3-Fc homodimers 
to two soluble FasL homotrimers. 

Equilibrium binding analysis. Microtitre wells were coated with anti-human 



IgG, blocked with 2% BSA in: PBS; DcR3-Fc or Fas-Fc was added, followed by 
serially diluted Flag-tagged soluble FasL Bound Ugand was detected with anti- 
Flag antibody as above. In the competition assay, Fas-Fc was immobilized as 
above, and the wells were blocked with excess IgGl before addition of Flag- 
tagged soluble FasL plus DcR3-Fc. . 

T-call AICD. CD3* lymphocytes were isolated from peripheral blood of 
mdhridual donors using anti : CD3 magnetic beads (Miltenyi Biotech), 
stimulated with phytohaemagglutinin (PHA; 2 |Agmr,') for 24 h, and cultured 
in the presence of interleukin-2 ( 100 U ml" 4 ) for 5 days. The cells were plated in 
wells coated with anti-CD3 antibody (Pharmingen) and analysed for apoptosis 
16 h later by FACS analysis of annexin-XMsinding of CD4 + cells 24 . 
Natural killer cell activity. Natural killer cells were isolated from peripheral 
blood of individual donors using anti-CD56 magnetic beads (Miltenyi 
Biotech), and incubated for 16 h with 5, Cr-loaded Jurkat cells at an eflfector- 
to-target ratio of 1:1 in the presence of DcR3-Fc, Fas-Fc or human IgGl; 
Target-cell death was determined by release of s, Cr in effector- target co- 
cultures relative to release of s, Cr by detergent lysis of equal numbers of Jurkat 
cells. . - : 

Gene-ampllficatlon analysis. Surgical specimens were provided by J. Kern 
(lung tumours) and P. Quirke (colon tumours). Genomic DNA was extracted 
(Qiagen) and the concentration was determined using Hoechst dye 33258 
intercalation Ruorometry. Amplification was determined by quantitativeJ*CR'* 
using a TaqMan instrument (ABI).The method was validated by comparison of 
PCR and Southern hybridization data for the Myc and HER- 2 oncogenes (data 
nbt shown). Gene-specific primers and fluorogenic probes were designed on 
the basis of the sequence of DcR3 or of nearby regions identified on a BAC 
carrying the human DcR3 gene; alternatively, primers and probes were based 
- on Stanford Human Genome Center marker AFM218xe7 (T160), which is 
linked to 0cR3 (likelihood score = 5.4), SHGC-36268 (T159), the nearest 
available marker which maps to -^500 kilobases from T160, and five extra 
markers that span chromosome 20. The DcR3-specific primer sequences were 
5'-CrTCTTCGCGCACGCTG-3' and 5'-ATCACGCCGGCACCAG-3' and the 
fluorogenic probe sequence was 5 ■ -(FAM-ACACGATGCGTGCTCCAAGCAG 
AAp-(TAMARA), . where FAM. is 5' -fluorescein phosphoramidite. Relative 
gene-copy numbers were derived using the formula 2 (ACn , where ACT is the 
difference in amplification cycles required to detect DcR3 in peripheral blood 
lymphocyte DNA compared to test DNA. 

Received 24 September, accepted 6 November 1998. 
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ABC transporters (also known as traffic ATPases) form a large 
family of proteins responsible for the translocation of a variety 
of compounds across membranes of both prokaryotes and 
eukaryotes 1 . The recently completed Escherichia colt genome 
sequence revealed that the largest family of paralogous : S!^c6li 
proteins is composed of ABC transporters 2 . Many eiikaryotic 
proteins of medical significance belong to this family, such as 
the cystic fibrosis transmembrane conductance regulator (CFTR), 
the P-glycoprbtein (or multidrug-resistance .protein) and the 
heterodimeric transporter associated with antigen processing 
(Tapl-Tap2). Here we report the crystal structure at 1.5 A resolu- 
tion of HisP, the ATP-binding subunit of the histidine permease, 
which is an ABC transporter from Salmonella typhimurium. We 
correlate the details of this structure with the biochemical, genetic 
and biophysical properties of the wild-type and several mutant 
HisP proteins. The structure provides a basis for understanding 
properties of ABC transporters and of defective CFTR proteins. 

ABC tr^pdrters contain four stractural domains: two nudeo- 
tide^bmdihg domains (NBDs), which are highly conserved 
throughout the family, and two transmembrane domains'. In 
prokaryotes these domains are often separate subunits which are 
assembled into a membrane-bound complex; in eukaryotes the 
domains are generally fused into a single polypeptide chain v The 
periplasmic histidine permease of S. typhimurium and E. coW^is a 
well-characterized ABC transporter that is a good model for this 
superfamily. It consists of a membrane-bound complex, HisQMP*, 
which comprises integral membrane subunits, HisQ and HisM, and 
two copies of HisP, . the ATP-bindirig subunit HisP, which has 
properties intermediate between those of integral and peripheral 
membrane proteins 9 , is accessible from both sides of the membrane, 
presumably by its interaction with HisQ and HisM*. The two HisP" 
subunits form a dimer, as shown by their eooperativity in ATP 
hydrolysis 5 , the requirement for bom subunits to be present for 
: activity 8 , and the formation of a HisP dimer upon chemical cross- 
linking. Soluble HisP also forms a dimer 5 . HisP has been purified 
and characterized in an active Soluble form 3 which can be recon- 
stituted into a fully active membrane-bound complex*. 

The overall shape of the crystal structure of the HisP. monomer is 
that of an T with two thick arms (arm I and arm II); the ATP- 
binding pocket is near the end of arm I (Fig. 1). A six-stranded 0- 
sheet 03 and 08-012) spans both arms of the L, with a domain of a 
a r plus 0-type structure (01, 02, 04-07, ctl and ct2) on one side 
(within arm I) and a domain of mosdy ct-helices (a3-a9) on the 




Figure 1 Crystal structure of HisP a f - View of the dime*-, along an axis 
perpendicular to its two-fold axis. The top and bottom of the dimer are suggested: 
to face towards the periplasmic and cytoplasmic sides, respectively (see text). 
The thickness of arm II is about 25 K comparable to that of membrane. a-Helices 
are shown in orange and fc-sheets in green, b, View along the two-fold axis of the 
HisP dimer, showing the relative displacement of the monomers not apparent In 
a. The p-strands at the dimer interface are labelled, c. View of one monomer from 
the bottom of arm I, as shown in a, towards arm II, showing, the ATP-binding 
. pocket a-c, The protein and the bound ATP are in 'ribbon* and 'ball-and-stick* 
representations, respectively. Key residues discussed in the text are indicated in 
c. These figures were prepared with MOLSCR1PT 29 . N, amino terminus; C, C 
terminus. 
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NOVEL APPROACH TO QUANTITATIVE POLYMERASE CHAIN REACTION USING 
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Gene amplification is a common event in the progression of 
human cancers, and amplified oncogenes have been shown to 
have diagnostic, prognostic and therapeutic relevance. A 
kinetic quantitative polymerase-chatn-reaction (PGR) method, 
based on fluorescent TaqMan methodology, and a new instru- 
ment (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real-time, was used to quantify 
gene amplification in tumor DNA. Reactions are character- 
ized by the point during cycling when PCR amplification is still 
in the exponential phase, rather than the amount of PCR 
product accumulated after a fixed number of cycles. None of 
the reaction components is limited during the exponential 
phase, meaning that values are highly reproducible in reac- 
tions starting with the same copy number. This greatly 
improves the precision of ON A quantification. Moreover, 
real-time PCR does not require post-PCR sample handling, 
thereby preventing potential PCR-product carry-over con- 
tamination;, it possesses a wide dynamic range of quantifica- 
tion and results in much faster and higher sample throughput. 
The real-time PCR method, was used to develop and validate 
a simple and rapid assay for the detection and quantification 
of the 3 most frequently amplified genes (myc, ccndl and 
erf)B2) in breast tumors. Extra copies off myc, ccndl and ertoB2 
were observed in 10, 23 and 15%, respectively, of 108 breast- 
tumor DN A; the largest observed numbers of gene copies 
were 4.6, 18.5 and 15.1, respectively. These results correlated 
well with those of Southern blotting. The use of this new 
semi-automated technique will make molecular analysis of 
human cancers simpler and more reliable, and should find 
broad applications in clinical and research settings, /nt. J. 
Cancer 78:661-666, 1998. 
© 1998 Wiley-hiss, Inc. 

Gene amplification plays an important role in the pathogenesis 
of Various solid tumors, including breast cancer, probably because 
over-expression of the amplified target genes confers a selective, 
advantage. The first technique used to detect genomic amplification 
was cytogenetic analysis. Amplification of several chromosome 
regions, visualized either as extrachromosomal double minutes 
(dmins) or as integrated homogeneously staining regions (HSRs), 
are among the main visible cytogenetic abnormalities in breast 
tumors: Other techniques such as comparative genomic hybridiza- 
tion (CGH) (Kallioniemi et aL, 1994) have also been used in broad 
searches for regions of increased DNA copy numbers in rumor 
cells, and have revealed some 20 amplified chromosome regions in 
breast tumors. Positional cloning efforts are underway to identify 
the critical gerte(s) in each amplified region. To date, genes known 
to be amplified frequently in breast cancers include myc (8q24), 
ccndl (Ilql3),ander6B2(l7ql2-q2l)(forreview,seeBiechqand 
Lidereau, 1995); 

Amplification of the myc, ccndl, and erbh2 proto-oncogenes 
should have clinical relevance in breast cancer, since independent 
studies have shown that these alterations can be used io identify 
sub-populations with a worse prognosis (Berns et aL,. 1992; 
Schuuring et aL, 1992; 9iamon et aL, 1987). Muss et ai (1994) 
suggested , that these gene alterations may also be useful for the 
prediction and assessment of the efficacy of adjuvant chemotherapy 
and hormone therapy , 

However, published results diverge both in terms of the fre- 
quency of these alterations and their clinical value. For instance, 
over 500 studies in 10 years have failed to resolve the controversy. 



surrounding the link suggested by Slamon et aL (1987) between 
erbQl amplification and disease progression. These discrepancies 
are partly due to the clinical, histological and ethnic heterogeneity 
of breast cancer, but technical considerations are also probably 
involved. - 

Specific genes (DNA) were initially quantified in tumor cells by 
means of blotting procedures such as Southern and slot blotting. 
These batch techniques require large amounts of DNA (5^10 
ug/reaction) to yield reliable quantitative results. Furthermore, 
meticulous care is required at all stages of the procedures to 
generate blots of sufficient quality for reliable dosage analysis. 
Recently, VCR has proven to be a powerful tool for quantitative 
DNA analysis, especially with minimal starting quantities of tumor 
samples (small, early-stage tumors and formalin-fixed, paraffin- 
embedded tissues). 

Quantitative PCR can be performed by evaluating the amount of 
product either after a given number of cycles (end-point quantita- 
tive PCR) or after a varying number of cycles during the 
exponential phase (kinetic quantitative PCR). In the first case, an 
internal standard distinct from the target molecule is required to 
ascertain PCR efficiency. The method is relatively easy but implies 
generating, (quantifying and storing an internal standard for each 
gene studied. Nevertheless, it is the most frequently applied , 
method to date. 

One of the major advantages of the kinetic method is its rapidity 
in quantifying a new gene, since no internal standard is required (an 
external standard curve is sufficient). Moreover, the kinetic method 
has a wide dynamic range (at least 5 orders of magnitude), giving 
an accurate value for samples differing in their copy number. 
Unfortunately, the method is cumbersome and has therefore been 
rarely used. It involves aliquot sampling of each assay mix at 
regular intervals and quantifying, for each aliquot, the amplifica- 
tion product Interest in the kinetic method has been stimulated by a 
novel approach using fluorescent TaqMan methodology and a new 
♦ instrument (ABI Prism 7700 Sequence Detection System) capable 
of measuring fluorescence in real time (Gibson et aL, 1996; Heid et 
aL, 1996). The TaqMan reaction is based on the 5' nuclease assay 
first described by Holland et aL (1991). The latter uses the 5' 
nuclease activity of Taq polymerase to cleave a specific fluorogenic 
oligonucleotide probe during the extension phase of PCR. The 
approach uses dual-labeled fluorogenic hybridization probes (Lee 
et aL, 1993). One fluorescent dye, co-valently linked to the 5' end 
of the oligonucleotide, serves as a reporter {FAM (i.e. r 6-carbbxy- 
fluorescein)] and its emission spectrum is quenched by a second 
fluorescent dye, TAMRA (i.e., o^arboxy-teti^emyl-rhodamine) 
attached to the 3' end. During the extension phase of the PCR 
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cycle, the fluorescent hybridization probe is hydrolyzed by the 
5' -3' nucleoiytic activity of DNA polymerase. Nuclease degrada- 
tion of the probe releases the quenching of FAM fluorescence 
emission, resulting in an increase in peak fluorescence emission. 
The fluorescence signal is normalized by dividing the emission 
intensity of the reporter dye (FAM) by the emission intensity of a 
reference dye (i.e., ROX, 6-carboxy-X-rhodamine) included in 
TaqMan buffer, to obtain a ratio defined as the Rn (normalized 
reporter) for a given reaction rube. The use of a sequence detector 
enables the fluorescence, spectra of all 96 wells of the thermal 
cycler to be measured continuously during PCR amplification: 

The real-time PCR method offers several advantages over other 
current quantitative PCR methods (Celi et aL, 1994): (i) the 
probe-based homogeneous assay provides a real-time method for 
detecting only specific amplification products, since specific hybri- 
dation of both the primers and the probe is necessary to generate a 
signal; fir) the Q (threshold cycle) value used for quantification is 
measured when PCR: amplification is still in the log phase of PCR 
product accumulation. This is the main reason why Q is a more . 
. reliable measure of the starting copy number than are end-point 
measurements, in which a slight difference in a limiting component 
can have a drastic effect on the amount of product; (iu) use of C, 
values gives a wider dynamic range (at least 5 orders of magni- 
tude), reducing the need for serial dilution; (iv) The real-time PCR 
method is run in a closed-tube system and requires no post-PCR 
sample handling, thus avoiding potential contamination; (y) the 
system is highly automated, since the instrument continuously 
measures fluorescence in all 96 wells of the thermal cycler during 
PCR amplification and the corresponding software processes, and 
analyzes the fluorescence data; fvi) the assay is rapid, as results are 
available just one minute after thermal cycling is complete; (vii) the 
sample throughput of the method is high, since 96 reactions can be 
analyzed in 2 hr 

Here, we applied this semi-automated procedure to determine 
the copy numbers of the 3 most frequently amplified genes in breast 
tumors (myc, ccndl and er6B2), as well as 2 genes (alb and app), 
located in a chromosome region in which no genetic changes have 
been observed in breast tumors. The results for 108 breast tumors 
were compared with previous Southern-blot data for the same 
samples. . 



MATERIAL AND METHODS 
Tumor and blood samples 

Samples were obtained from 108 primary breast tumors removed 
surgically from patients at the Centre Rene Huguenin; none of the 
patients had undergone radiotherapy or chemotherapy, immedi- 
ately after surgery, the tumor samples were placed in liquid 
nitrogen until extraction of high-molecular- weight DNA. Patients 
were included in this study if the tumor sample used for DNA 
preparation contained more than 60% of tumor cells (histological 
analysis). A blood sample was also taken from 1 8 of the same 
patients, 

DNA was extracted from tumor tissue and blood leukocytes 
according to standard methods. 

Real-time PCR 

Theoretical basis. Reactions are characterized by the point 
during cycling when amplification of the PCR product is first 
detected, rather than by the amount of PCR product accumulated 
after a fixed number of cycles. The higher the starting copy number 
of the genomic DNA target, the earlier a significant increase in 
fluorescence is observed. The parameter C t (threshold cycle), is 
defined as the fractional cycle number at which the fluorescence 
generated by cleavage of the probe passes a fixed threshold above 
baseline. The target gene copy number in unknown samples is 
quantified by measuring C, and by using a standard curve to 
determine the starting copy number. The precise amount of 
genomic DNA (based on optical density) and its quality (Le., lack 



of extensive degradation) are both difficult to assess. We therefore 
also quantified a control gene (alb) mapping to chromosome region 
4ql l-q!3, in which no genetic alterations have been found irr 
breast-tumor DNA by means of CGB (Kaiiionieml etal, \ 994), 

Thus, the ratio of the copy number of the target gene to the copy 
number of the alb gene normalizes the amount and quality of 
genomic DNA. The ratio defining the level of amplification is 
termed "N", and is determined as follows: 

copy number of target gene (app, myc, ccndl, erb&2) 

N = ■ — i — — — — — . 

copy number of reference gene (alb) 

Primers, probes, reference human, genomic DMA and PCR, 
consumables. Primers and probes were chosen with the assistance 
of the computer programs Oligo 4,0 (National Biosciences, Ply- 
mouth, MN), EuGene (Daniben Systems, Cincinnati, OH) and Primer 
Express (Perkin-Elmer Applied Biosystems, Foster City,CA). 

Primers were purchased from DNAgency (Malvern, PA) and 
probes from Perkin-Elmer Applied Biosystems; 

Nucleotide sequences for the oligonucleotide hybridization 
probes and primers are available on request. 

The TaqMan PCR Core reagent kit, MicroAmp optical tubes, 
and MicroAmp caps were from Perkin-Elmer Applied Biosystems. 

Standard-curve construction. The kinetic method requires a 
standard curve. The latter was constructed with serial dilutions of 
specific PCR products, according to Piatak et aL (1993). In 
practice, each specific PCR product was obtained by amplifying 20 
ng of a standard human genomic DNA (Boefiringer, Mannheim t 
Germany) with the same primer pairs as those used later for 
real-time quantitative PCR. The 5 PCR products were purified 
using MicroSpin S-400 HR colurnhs (Pharmacia, Uppsala, Swe- 
den) electrophOrezed through an acrylamide gel and stained with 
ethidium bromide to check their quality. The PCR products were 
then quantified spectrophotometrically and pooled, and serially 
diluted 1 0-fold in mouse genomic DN A (Cfontech, Palo Alto, CA) 
at a constant concentration of 2 ng/ul. The standard curve used for 
real-time quantitative PCR was based on serial dilutions of the pool 
of PCR products ranging from 10~ 7 (10 5 copies of each gene) to 
10" 10 (10 2 copies). This series of diluted PCR products was 
aliquoted and stored at -80°C until use. 

The standard curve was validated by analyzing 2 known 
quantities of calibrator human genomic DNA (20 ng and 50 ng): 

PCR amplification. Amplification mixes (50 ul) contained the 
sample DNA (around 20 ng, around 6600 copies of disomic genes), 
10X TaqMan buffer (5 ul), 200 uM dATP, dCTP, dOTP, and 400 
uM dUTP, 5 mM MgCl 2 , 1 .25 units of AmpliTaq Gold, 0.5 units of 
AmpErase uracil N-glycosylase (UNG), 200 nM each primer and 
100 nM probe. The thermal cycling conditions comprised 2 rnin at 
50°C and 10 rain at 95°C. Thermal cycling consisted of 40 cycles at 
95°C for 15 s and 65°C for 1 min. Each assay included: a standard 
curve (from 10 5 to 10 2 copies) in duplicate, a no-template control, 
20 ng and 50 ng of calibrator human genomic DNA (Boehringer) in 
triplicate, and about 20 ng of unknown genomic DNA in triplicate 
(26 samples can thus be analyzed on a 96-weIl microplate). All 
samples with a coefficient of variation (CV) higher than 1 0% were 
retested. 

All reactions were performed in the ABI Prism 7700 Sequence 
Detection System (Perkin-Elmer Applied Biosystems), which 
detects the signal from the fluorogenic probe during PCR. 

Equipment for real-time detection. The 7700 system has a 
built-in thermal cycler and a laser directed via fiber optical cables 
to each of the 96 sample wells. A charge-coupled-device (CDD) 
camera collects the emission from each sample and the data are 
analyzed automatically. The software accompanying the 77O0 
system calculates C t and determines the starting copy number in the 
samples. 
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^Determination of gene amplification. Gene amplification was 
calculated as described above. Only samples with an N value 
higher than 2 were considered to be amplified. : 

RESULTS 

To validate the method, real-time PCR was performed on 
genomic DNA extracted from 108 primary breast tumors, and 18 
normal leukocyte DNA samples from some of the same patients? 
The target genes Were the myc, ccndl and erbB2 proto-oncogenes, 
and the p-amyloid precursor protein gene (opp), which maps to a 
chromosome region (21q21.2) in which no genetic alterations have 
been found in breast tumors (Kallioniemi et aL, 1994), The 
reference dtsomie gene was the albumin gene (alb, chromosome 
4qll-ql3). 



Validation of the standard curve and dynamic range 
of real-time PCR 

The standard curve was constructed from PCR products serially 
diluted in genomic mouse DNA at a constant concentration of 
2 ng/ul. It should be noted that the 5 primer pairs chosen to analyze 
the 5 target genes, do not amplify genomic mouse DNA (data not 
shown). Figure 1 shows the real-time PCR standard curve for the 
alb gene. The dynamic range was wide (at least 4 orders of 
magnitude), with samples containing as few as 1.0 2 copies or as 
many as 10* copies. 

Copy-number ratio of the 2 reference genes (app and alb; 

The app\o alb copy-number ratio was determined in 18 normal 
leukocyte DNA samples and all 108 primary breasMumor DNA 
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Figure 1 - Albumin (alb) gene dosage by real-time PCR. Top: Amplification plots for reactions with starting alb gene copy number ranging, 
from 10 5 (A9), 10 4 (A7), 10* (A4) to 10/ (A2) and a no-template control (A 1). Cycle number is plotted vt, change in normalized reporter signal 
(ARn). For each reaction tube, the fluorescence signal of the reporter dye (FAM) is divided by the fluorescence signal of the passive reference dye 
(ROX), to obtain a ratio defined as the normalized reporter signal (Rn). ARn represents the normalized reporter signal (Rn) minus the baseline 
signal established in the first 15 PCR cycles. ARn increases during PCR as alb PCR product copy number increases until the reaction reaches a 
plateau. C, (threshold cycle) represents the fractional cycle number at which a significant increase in Rn above a baseline signal (horizontal black 
line) can first, be detected. Two replicate plots were performed for each standard sample, but the data for only one are shown here. Bottom: 
Standard curve plotting log starting copy number vs. Q (threshold cycle). The black dots represent the daia Tor standard samples plotted in 
duplicate and the red dots the data for unknown genomic DNA samples plotted in triplicate. The standard curve shows 4 orders of linear dynamic 
range. 
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samples. We selected these 2 genes because they are located in 2 
chromosome regions {app, 2lq21.2; alb, 4qI1^13)ia which no *• 
obvious genetic changes (including gains or losses) have been 
observed in breast cancers (KaUiomerni et aL, 1 994). The ratio for 
the 18 normal leukocyte DNA samples fell between G.7 and 1.3 
(mean 1.02 ± 0.21), and was similar for the 108 primary breast- 
tumor DNA samples (0.6 to 1.6, mean 1.06 ± 0.25), confirming 
that alb and app are appropriate reference disomic genes for 
breast-tumor DNA. The low range of the ratios also confirmed that 
the nucleotide sequences chosen for the primers and probes were 
not polymorphic, as mismatches of their primers or probes with the 
. subject's DNA would have resulted in differential amplification. 

myc, ccndl and erb52 gene dose in normal leukocyte DNA 

To determine the cut-off point for gene amplification in breast- 
cancer tissue, .18 normal leukocyte DNA samples were tested for 
the gene dose (N), calculated as described in "Material and 
Methods", The N value of these samples ranged from 0.5 to 13 
(mean 0.84 i 0.22) for myc, 0.7 to 1.6 (mean 1.06 ± 0.23) for 
ccndl and0.6 to 1.3 (mean*0.9I ± 6.19) for e^B2. Since N values 
for myc, ccndl and er6B2 in normal leukocyte DNA consistently 
fell between 0.5. and 1.6, values of 2 or more were considered to. 
represent gene amplification in tumor DNA. 

myc, ccndl and erbi?2 gene dose in breast-tumor DNA 

myc, ccndl and erbBl gene copy numbers in the 108 primary 
breast tumors are reported in Table T. Extra copies oi ccndl were 
more frequent (23%, 25/108) than extra copies of er&B2 (15%, 
16/108) and myc (10%, 11/108), and ranged from 2 to 18.6 for 
ccndl, 2 to 15.1 for erbBl, and only 2 to 4.6 for the myc gene. 
Figure 2 and Table II represent tumors in which the ccndl gene was 
amplified 16-fold (T145), 6-fold (T 133) and non-amplified (TH8). 
Jhe 3 genes were never found to be co-amplified in the same tumor. 
erb&l and ccndl were co-amplified in only 3 cases, myc and ccndl 
in 2 cases and myc and er6B2 in 1 case. This favors the hypothesis 
that gene amplifications are independent events in breast cancer. 
Interestingly, 5 tumors showed a decrease of at least 50% in the 
e/*6B2 copy number (N < 0.5), suggesting that they bore deletions 
of the 17q21 region (the site of er6B2). No such decrease in copy 
number was observed with the other 2 proto-oncogenes. 

. Comparison of gene dose determined by real-time quantitative 
PCR and Southern-blot analysis 

- Southern-blot analysis of myc, ccndl and er&B2 amplifications 
had previously been done on the same 1 08 primary breast tumors. A 
perfect correlation between the results of real-time PCR and 
Southern blot was obtained for tumors with high copy numbers 
(N > 5). However, there were cases (1 myc, 6 ccndl and 4 erfcB2) 
in which real-time PCR showed gene amplification whereas 
Southern-blot did not, but these were mainly cases with low extra 
copy numbers (N from 2 to 2.9). 

DISCUSSION 

The clinical applications of gene amplification assays are 
currently limited, but would certainly increase if a simple, standard- 
ized and rapid method Were perfected. Gene amplification status 
has been studied mainly by means of Southern blotting, but this 
method is not sensitive enough to detect low-level gene amplifica- 
tion nor accurate enough to quantify the full range of amplification 
values. Southern blotting is also time-consuming, uses radioactive 



. TABLE 1 - DISTRIBUTION OF AMPLIFICATION LEVEL (N) FOR myc. 
ccndl AND erb&2 GENES IN I OS HUMAN BREAST TUMORS 



Gene 




Amplification level (N) 
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reagents and requires relatively large amounts of high-quality 
genomic DNA, which means it cannot be used routinely in many 
laboratories. An amplification step is therefore required to deter- 
mine the copy number of a given target gene from minimal 
quantities of tumor DNA (small early^stage tumors, cytopuncture 
specimens or formalin-fixed; paraffin-embedded tissues). 

In this study, we validated a PCR method developed for the 
quantification of gene over-representation in tumors. The method, 
based on real-time analysis of PCR amplification, has several 
advantages Over other PCR-based quantitative assays such as 
competitive quantitative PCR (Celi et aL, 1994). First, the real-time 
PCR method is performed in a closed-tube system, avoiding the 
risk of contamination by amplified products. Re-amplification of 
carryover PCR products in subsequent experiments can also be 
prevented : by using the enzyme uracil N-glycosylase (UNG) 
(Longo et aL, 1990). The second advantage is the simplicity and 
rapidity of sample analysis, since no post-PCR manipulations are 
required. Our results show that the automated method is reliable. 
We found it possible to determine, in triplicate, the number of 
copies of a target gene in more than 100 tumors per day. Third, the 
system has a linear dynamic range of at least 4 orders of magnitude, 
meaning that samples do not have to contain equal starting amounts 
of DNA, This technique should therefore be suitable for analyzing 
formalin-fixed, paraffin-embedded tissues. Fourth, and above all, 
real-time PCR makes DNA quantification much more precise and . 
reproducible, since it is based on C, values rather than end-point 
measurement of the amount of accumulated PCR product Indeed, 
the ABI Prism 7700 Sequence Detection System enables C t to be 
calculated when PCR amplification is still in the exponential phase 
and when none of the reaction components is rate-limiting. The 
within-run CV of the C t value for calibrator human DNA (5 
replicates) was always below 5%, and the between-assay precision 
in 5 different runs was always below 10% (data not shown). In 
addition, the use of a standard curve is not . absolutely necessary, 
since the copy number can be determined simply by comparing the 
C t ratio of the target gene with that of reference genes. The results 
obtained by the 2 methods (with and without a standard curve) are 
similar in our experiments (data not shown). Moreover, unlike 
competitive quantitative PCR, real-time PCR does not require an 
. internal control (the design and storage of internal controls and the 
validation of their amplification efficiency is laborious). 

The only potential disavantage of, real-time PCR, like all other 
PCR-based methods and solid-matrix blotting techniques (South- 
ern blots and dot blots) is that is cannot avoid dilution artifacts 
' inherent in the extraction of DNA from tumor cells contained in 
heterogeneous tissue specimens. Only HSH and irnmunohistochem- 
istry can measure alterations on a cell-by-cell basis (Pauletti et aL, 
1996; Slamon et aL, 1989); However, FISH requires expensive 
equipment and trained personnel and is also time-consuming. 
Moreover, FISH does not assess gene expression and therefore 
cannot detect cases in which the gene product is over-expressed in 
the absence of gene amplification, which will be possible in the 
future by real-time quantitative RT-PCR. Immunohistochemistry is 
subject to considerable variations in the hands of different teams, 
owing to alterations of target proteins during the procedure, the 
different primary antibodies and fixation methods used and the 
criteria used to define positive staining: 

The results of this study are in agreement with those reported in 
the literature, (i) Chromosome regions 4qll-ql3 and 21q2i.2 
(which bear alb and. app, respectively) showed no genetic alter- 
ations in the breasteancer samples studied here, in keeping with 
the results of CGH (Kallioniemi et aL, 1994). (ii) We found that 
amplifications of these 3 oncogenes were independent events, as 
reported by other teams (Berns et at, I 992; Borg et<xL, 1992); (tfi) 
The frequency and degree of myc amplification in our breast tumor 
DNA series were tower than those of ccndl and erfcB2 amplifica- 
tion, confirming the findings of Borg et aL ( 1 992) and Courjal et at 
(1997). (iv) The maxima of ccndl and erbB2 over-representation 
were 1 8-fold and 1 5-fold, also in keeping with earlier results (about 
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Figure 2 - cendi and albgene dosage by real-time PCR in 3 breast tumor samples: TU8 (El2, C6, black squares); T133 (GU,B4, red squares) . 
and T145 (A8, C8, blue squares). Given the C, of each sample, the initial copy number is inferred from the standard curve obtained during the same 
experiment Triplicate plots were performed for each tumor sample, but the data for only One are shown here, the results are shown in Table II. 



30-fold maximum) (Berns et aL, 1992; Borg et aL, 1992; Courjal et 
aL, 1997). (v) The erb&2 copy numbers obtained with real-time 
PCR were in good agreement with data obtained with other 
quantitative PCR-based assays in terms of the frequency and 
degree of amplification (An et aL, 1995; Deng et aL, 1996; Valeron 



et aL, 1996). Our results also correlate well with those recently 
published by Gelmini et aL (1997), who used the TaqMan system to 
measure erb%2 amplification in a small series of breast tumors 
(n = 25), but with an instrument (LS-50B luminescence spectrom- 
eter, Perkin-Elmer Applied Biosystems) which only allows end- 
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. TABLE M - EXAMPLES OF ccndl GENE DOSAGE RESULTS 
FROM 3 BREAST TUMORS 1 



Tuipor 




ccndl 






alb 




Hccndl/alb 


Copy 
number 


Mean 


SD 


Copy 
number 


Mean. 


SD 


TU8 


4525 






4223 


4325 


89 


1,06 


4605 


4603 


77 


4365 




. 4678 






4387 








T133 


59821 






9787 




375" 


6.03 


61659 


61100 


1111 


10092 


10137 




61821 




10533 








T145 


128563 






7321. 




316 


16.34 




125892 


125392 


3448 


7762 


7672 




121722 






7933 









'For each sample, 3 replicate experiments were performed and the mean 
and the standard deviation (SD) was determined. The level of ccndl gene 
amplification (Nccndl/alb) is determined by dividing the average ccndl 
copy number value by the average alb copy number value. 



point measurement of fluorescence intensity. Here we report myc 
and ccndl gene dosage in breast cancer by means of quantitative 
PCR- (yi) We found a high degree of concordance between 
real-time quantitative PGR and Southern blot analysis in terms of 
gene amplification, especially for samples with high copy numbers 
(3:5-foId). The slightly higher frequency of gene amplification 
(especially ccndl and erbBl) observed by means of realrtime 
quantitative PCR as compared with Southem-blot.analysis may be 
explained by the higher sensitivity of the former method. However, 
we cannot rule out the possibility that some tumors with a few extra 



gene copies observed in real-time PGR had additional copies of an 
arm or a whole chromosome (trisomy, tetrasomy or polysorhy) 
rather than true gene amplification. These 2 types of genetic 
alteration (polysomy and gene amplification) could be easily 
distinguished in the future by using an additional probe located on 
the same chromosome arm, but some distance from the target gene, 
it is noteworthy that high gene copy numbers have the greatest 
prognostic significance in breast carcinoma (Borg et a/., 1992;. 
Slamon a/.. 1987). 

Finally, this technique can be applied to the detection of gene 
deletion as well as gene amplification. Indeed, we found a 
decreased copy number of erbBl (but not of the other 2 proto- 
oncogenes) in several tumors; erbBl is located in a chromosome 
region (llqll) reported to contain both deletions and amplifica- 
tions in breast cancer (Bieche and Lidereau, 1995). 

In conclusion, gene amplification in various cancers can be used 
as a marker of pre- neoplasia, also for early diagnosis of cancer, 
staging, prognostication and choice of treatment Southern blotting 
is not sufficiently sensitive, and FISH is lengthy and complex. 
Real-time quantitative PCR overcomes both these limitations, and 
is a sensitive and accurate method of analyzing large numbers of 
samples in a short time, it should find a place in routine clinical 
gene dosage. 
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